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Amateur Radio's 
Retiree of The Year 



There's a slim, funny book of cartoons making its way around the office these days. Titled, It's Time To Retire When. . .," 
it makes a case for retiring when . . . you start calling everybody "kids" , . . you hear yourself saying, "We already tried 
that and it didn't work" . . . more than half your income comes from winning sports pools . . . you tell "war stories" and 
the "kids" ask, "Which war?" 

Now, we don't know much about retirement because the only one of us who's been around long enough to be retired 
has retired — and i/r?retired — three times, But we do know that our readers and authors who claim to be retired seem 
to be just as busy and involved in the business of living as anybody else. Try getting them to answer the phone on a Tuesday 
afternoon. Forget it. They're out building something in the shop, tinkering with antennas, volunteering in community serv¬ 
ice, or traveling. Sometimes they're even starting new businesses or careers, packing two or three or four lifetimes into one. 

We expect such will be the case with Barry Goldwater, K7UGA, Amateur Radio's unofficial Retiree of the Year. Moments 
before the 99th Congress concluded its work, he delivered a characteristically succinct farewell address, bringing his distin¬ 
guished political career to a close with fewer than 100 words. His equally notable military career had come to an end in 
1967, when, with the rank of Major General, he retired from the United States Air Force Reserve. 

There aren't enough pages in this or any other magazine to begin to describe what this one man has done for Amateur 
Radio. Licensed as 6BPI in 1923 — and later, in the early 1960's, after a period of inactivity, as K7UGA — Goldwater has, 
over the years, been ham radio's indispensable ally on Capitol Hill. Besides working behind the scenes with integrity and 
finesse, he sponsored much enabling legislation, including that which led to the implementation of the VEC program and 
the ARRL/FCC Amateur Auxiliary. 

During the Vietnam era, Goldwater’s station, staffed by volunteers and operating around the clock, ran more than 240,000 
phone patches from service personnel in Southeast Asia to families and friends back home. As the war wound down, RTTY 
replaced phone patches and 150,000 more messages were passed. Though Goldwater's busy schedule left little time for 
operating, his station manager — Tom Moore, W7FCQ, AFA6PU/AFF6C — told us that whenever the Senator was in town, 
particularly over the Christmas/New Year’s recess, he'd frequently join the volunteers, often taking a full eight-hour shift. 

The Senator's equipment, said to put many a broadcaster's station to shame, was based on a four-function Collins 208-U3 
transmitter. A Collins 237B rotatable log periodic (6.5 to 30 MHz) with a 64-foot boom (longest element: 81 feet} was mount¬ 
ed on an 80-foot tower atop a hill 200 feet above ground, which was already some 2200 feet ASL. Traffic handling continued 
until January, 1983, when diminished activity in Southeast Asia allowed the station to be closed. 

According to Tom Moore, most of the volunteers at K7UGA were retirees who "just wanted to help out." (Tom had a 
dual purpose: his son was a POW, and he joined the crew partly in hope of contacting him. Though they never connected 
through K7UGA, they were eventually reunited. Now retired, Tom still handles traffic from Southeast Asia, with 24,000 "Mom 
and Dad Morale" messages passed — an average of 500 per month — since the closing of K7UGA.) 

Although we can't begin to do justice, in this small space, to Barry Goldwater's contributions to Amateur Radio, there 
is enough room to say a heartfelt "Thanks" and wish him all the best in his retirement. We'll be watching, with interest 
and appreciation, to see what he does next. 


Dorothy Rosa. KA1LBO 
Assistant Editor 


It\t limit To Rutin* Whttn is published by Ivory Tower Publishing Co., Inc , Watertown, Massachusetts. 
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packet board update 

Dear HR: 

A number of improvements have been 
made to the HAPN packet board 
described in our article, "A Packet Ra- 
dio INC for the IBM PC" [August, 
1986, page 10]. Readers who have pur¬ 
chased, or plan to purchase, the bare 
board should be sure to follow the as¬ 
sembly instructions provided on the 
HAPN-1 diskette (ASSEMBLY.LST) 
rather than the instructions presented 
in theartrc/e. Otherwise, there's bound 
to be some confusion regarding the 
parts list and parts designations. Also, 
an oscilloscope is no longer required 
for setting up the board. 

Jack Botner, VE3LNY 
Hamilton and Area Packet 

Network 


SSTV on the C64 

Dear HR: 

Thank you for publishing our article 
concerning receiving and transmitting 
SSTV via Commodore 64 without any 
external interface ["Get on SSTV — 
With the C64," October, 1986, page 2 
43]. It is a great honor for us. 

Copies of the complete machine lan¬ 
guage program, with two pages of in¬ 
structions, are available on disk or 
cassette directly from us. Machine 
code means immediate transmission 
(the long delay to compose the picture 
affects only the BASIC version) and 
easy TX/RX functions; surely readers 
who have had problems in loading the 
published listings will be glad to know 
that. 

I have never heard of the references 


Jim Grubbs, K9EI, mentioned in his 
translation of our article. They are not 
available in Italy. In the future we will 
try to surprise you with an article in¬ 
cluding some of the incredible soft¬ 
ware we are preparing. 

On another topic, I was in the hell 
of Beirut in the Italian Army (United 
Nations contingent) and I have lots of 
pictures in my mind which cannot be 
forgotten. I very vividly remember the 
day which changed my life, when 
while patrolling in our tank, we were 
distracted by some gunfire and drove 
in the direction from which it came. 
We realized that a few U.S. Marines 
whose car was set on fire were defend¬ 
ing their lives in a corner of a building. 
Maneuvering our tank and using it as 
shield, we succeeded in getting all of 
the marines into a safe position — or 
so we thought until seconds after, 
when I realized that one of them had 
been shot and was lying on the 
ground, still under fire. I immediately 
jumped out of our tank, and together 
with a brave Marine, among screams 
and shots, succeeded in getting that 
poor young man safely inside. 

I remember nothing after that, since 
I had been shot myself and the world 
became black over me. Hospitals and 
re-education centers did not make the 
miracle; meanwhile I have lost my job 
and problems to the nervous system 
affect me. So thanks to the com¬ 
puters, I survive for the time being by 
writing articles and programs for 
magazines. 

From time to time, a question comes 
to mind: was a medal and some words 
spoken in a speech by a Prime Minis¬ 
ter worth so many problems and pain? 
Well, no matter — the true recom¬ 
pense is knowing that the life of a man 
was saved. 

The name of the spring which pulled 
me out of my secure tank was simply 
altruism and solidarity, qualities com¬ 
mon among us Amateur Radio opera¬ 
tors. Would I do it again? Certainly, 
yes — though possibly in a less instinc¬ 
tive way. 

Giuseppe Cameroni, I2CAB 

Vigevano, Italy 


should VEs 
issue callsigns? 

Dear HR: 

I propose that the FCC end the wait¬ 
ing period for previously unlicensed 
applicants (i.e., those who had no pri¬ 
or callsign) who pass VE examinations. 

The FCC would issue random blocks 
of 2x3 callsigns to VECs in unmarked 
envelopes. The VECs would not be is¬ 
suing the calls (the FCC does that); 
they would merely be distributing the 
callsigns to successful applicants at 
each test session, acting on the FCC's 
behalf just as they're doing when they 
administer Amateur radio exams. 

The expiration date of each call 
would be ten years after the date of the 
examination. New Amateurs who didn't 
like their new calls could simply send 
in a form 610 and request a callsign 
change. 

As soon as applicants received their 
callsigns, they could get on the air and 
enjoy their new privileges immediate¬ 
ly. The FCC could stiff cancef the 
licenses of any newly-licensed 
Amateurs found in violation of FCC 
rules. 

The FCC could use their existing 
sealed-envelope technology for dis¬ 
tributing callsigns to the VECs. The VE 
group would then request a specific 
number of callsigns for their test ses¬ 
sion and pass the callsigns out to suc¬ 
cessful applicants. 

Each callsign — known only to the 
FCC until the envelope is opened — 
would be printed on the license form. 
The VE would add the successful ap¬ 
plicant's name and address and the ex¬ 
piration date of the license, giving one 
copy to the new licensee and sending 
another to the FCC for processing. 

It's interesting to note that there's 
no waiting period when you get your 
driver's license. You get your license 
and drive off. When you pass an 
Amatuer Radio exam, you should be 
able to get your license, go home, and 
use those new privileges right away. 

Conrad Ekstrom, WB1GXM 
Claremont, New Hampshire 03743 
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a true-frequency digital readout 

for the HW-101 


Try this simple mod 
for more precise tuning 

If you've ever operated an HW-101, you know how 
frustrating it can be to try to tune it to a specific frequen¬ 
cy; the main tuning dial simply isn't precise enough. In 
an effort to solve the problem, I decided to add a digital 
readout to my rig, 

I didn't really want to build one; I just wanted to find 
an old SB-650 Digital Frequency Display, the Heathkit 
readout designed to accompany its H W- and S B- series 
equipment. But I couldn't find one for sale locally, and 
Heath had long ago sold out its final inventory. I decid 
ed to go ahead on my own. I tried to get a copy of the 
SB-650 manual, but Heath had no more. 

Why this seeming obsession with the SB-650? In or¬ 
der to develop a reading from an HW-101, all three trans¬ 
ceiver oscillators must be sampled and multiplexed into 
the counter section in proper sequence. The counting 
circuitry itself is more or less standard, but the multiplex¬ 
ing circuit is the key to success. I knew that Heath's cir¬ 
cuit worked, and the gating and logic tables I came up 
with looked too unwieldy to be correct. 



Photo A. The top, bottom, and digit boards (left to right), are 
shown interconnected and ready for mounting. 


( Although Heath couldn't provide a manual, the'com- 
pany did supply several schematics of the multiplexing 
and time chain circuitry. The multiplexing used in my 
readout more or less duplicates the Heath circuit. 

theory of operation 

A transceiver digital readout is basically a frequency 
counter preceded by processing circuits that allow prop¬ 
er sampling of the circuits in the transceiver that deter¬ 
mine the final operating frequency. In the HW-101 the 
operating frequency is determined by heterodyne action 
among three oscillators. The heterodyne oscillator is a 
high frequency oscillator, while the carrier and VFO os¬ 
cillators are relatively low in frequency. Both the carrier 
and VFO frequencies are essentially subtracted from the 
higher-frequency heterodyne oscillator frequency to es¬ 
tablish the operating frequency. The processing circuitry 
of the readout first enters the highest frequency into the 
counters, then subtracts, one at a time, the other two 
oscillator frequencies from it. The true operating fre¬ 
quency is then presented to the digital display through 
the latches. (Although the "addition',' and "subtraction" 
mixing takes place in different stages of the transceiver 
for Transmit than for Receive, thesameoscillatorsulti- 
mately perform the same job. Thus by tapping the os¬ 
cillator outputs, the readout is accurate to within 100 Hz 
± clock error, and reads the same frequency in either 
send or receive mode.) 

system flow 

In the transceiver, samples of the three oscillators are 
connected by coax to phono jacks added to the back of 
the transceiver chassis. These are connected by 36-inch 
phono cables to three input phono jacks on the back of 
the readout chassis. (See fig. 1 for transceiver sampling 
hookups.) 

Each jack connects to an input stage consisting of a 
40673 MOSFET preamp and a 2SC945 (or 276-2016) 
pulse-shaper circuit. After passing through buffer gates 
in U1 and being divided by four in frequency in flip-flop 

By Ed Murdoch, NU4F, Route 1, Box 238, 
Omega, Georgia 31775 
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Motcrodyno Oscillator: bmuJpn$s hoard, Tube V19, Pin 8 (cothodo). This 
cothodo is normally grounded. Break foil at X. soldor 471) watt resistor 
across break. Connect center of coax to tube pin side, shield to adjacent 
fait ground. Coax {joes to phono jack on roar of chassis. 



ft? 


rft 


Carrier Oscillator; modulator board. Tube V16, pin 8 {cathodes). This point 
also connects to other cathode of V16. These are already above ground 
with appropriate RF voltage. Coax is coupled to pin 8 foil through 220 pF 
capacitor. 


VFO BOX 

vfo ou rpu r 

trr 

PHONO JACK 


OC 


rrt 



rh 


BOARD FOIL 



% 


•>/ 

ff22t 


rt7 

VFO: bandpass circuit hoard Sampling coax connects to point on hoard 
whore output coax of tube V20 connects. Connect coax center conductor 
to the foil point adjacent to high side of R221 (47 ohms! 

fig. 1. Transceiver sampling connections (all connections 
made to underside of board). Each length of coax goes 
to a phono jack installed on the back of the transceiver 
chassis. Regular 36-inch shielded phono cables connect 
to digital readout. 


U2, these three circuits are gated sequentially into the 
Least Significant Digit (LSD) counter, U17, by multiplex¬ 
er chips U3, U4, and U13 through U15, The gating pulses 
for enable and inhibit are developed from the timing 
chain combination of oscillator-buffer-feedback gates 
U5, divide-by-four flip-flop U6, and time-division decade 
counters U7 through U12. The reset pulses for pulse 
counters U17 through U22 come from U15, pin 3. The 
reset pulses for divide-by-four flip-flop U2 come from 
U16, pin 6. The transfer pulses for the latches come from 
U16, pin 3. 

In order to feed the correct oscillator signal to the 
counters at the proper time, a time frame of four inter¬ 
vals is established. This is done by gating several com¬ 
binations of outputs from U10, U11, and U12 in the 
timing chain. These in turn are interlocked by other gates 
to allow each oscillator to be counted once per frame and 



Photo B, Power supply components are mounted on rear 
chassis wall. 

shifted to the up count (add) or the down count (sub¬ 
tract), as is appropriate. The fourth interval is used for 
pulse development by the RC network connected be¬ 
tween U13, pin 8 and ground. After both reset pulses and 
the transfer pulse have been established, the next clock 
pulse starts the cycle again. 

The counting section, which consists of a cascaded 
series of six 74LS192 up/down decade counters (with 
one counterfor each display digit), provides a frequen¬ 
cy divided-by-ten output to the following counter and 
its parallel output to its own digit decoder in binary- 
coded decimal (1 -2-4-8, also referred to as ABCD in the 
accompanying figures). Therefore each counter has 
what it needs to produce the correct reading for its own 
LED digit, which it feeds to the digit by way of a 74LS75 
latch. The divided-by-ten output is then passed on to the 
next counter chip, which acts in a similar fashion. 

Each storage latch holds the previously transmitted 
number until the transfer pulse occurs, causing the 
latches to accept the newest measurement offered by 
their respective counter's ABCD outputs. Each of these 
"updates" iscaused by a combination of reset pulses to 
the various flip-flops and counters so that each new 
count is synchronized. The latches feed the ABCD data 
to the input lines of their respective 74LS47 BCD to 
seven-segment decoder/drivers, which decode the 
ABCD numbersand provide the drive for the correct seg¬ 
ments of the seven-segment display digit. 

Overall synchronization is established by a master 
clock oscillator from which the various pulses, time in¬ 
tervals, and switching sequences are derived. The time 
occurrence of the individual gating pulses is also deter¬ 
mined by frequency division (by divide-by-four flip-flops 
74LS73, and by divide-by-ten and divide-by-two coun¬ 
ters 74LS90). The clock frequency of 1 MHz was chosen 
to make frequency-division factors easily obtainable. 

construction 

The circuits were planned on quad paper and then 
built up on two 41 /2x 6 5/8-inch circuit boardsand one 
2 3/4 x 3 3/4-inch board (Photo A). The two large 
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Table 1. Parts list. Cost of project should be approximately 
$85.00. 


40673 MOSFETs 

MHz Electronics* 

2SC945 Transistor 

Radio Shack 276-2051 or 
276-2016 

• 

or MRS 3904 

U1.U3.U4.U5 

74LS00 OuadNand Gates* * 

U2.U6 

74LS73 Dual J-K flip flops* * 

U7-U12 

74LS90 Decade (bi quinary) 
counters* * 

U17 U22 

74LS192 up/down decade 
counters! 

U23-U28 

74LS75Quad latch** 

U29U34 

74LS47 BCD/seven-segment 
decoder/driver* * 

0.3-inch seven-segment 

Radio Shack 276-053 (common 

digit display 

anode) 

Chassis 

No. EDCH-2881 

Top and bottom boards 

Radio Shack 276*147 


‘MHz Electronics. 2111 West Camelback Road, Phoenix, Arizona 85015. 
* * DoKay Electronics, 2100 Do La Cruz Boulevard. Santa Clara, Califor 
nia 95050. 

t All Electronics, P.O. Box 20406, Los Angelos, California 90006, 



Photo D. A closer view of the bottom and digit boards illus¬ 
trates interconnections. 


boards are mounted upside-down in the chassis and 
separated by spacers. The top board contains the input 
wave shaping circuits, the timing chain, and part of the 
multiplex circuitry. The bottom board contains the 
remainder of the multiplex circuitry, the counters, 
latches, and decoder/drivers. The outputs of the de- 
coder/drivers are cabled to their respective segment 
dropping resistors mounted on the third board, which 
also holds the digits. This board is at right angles to t he 
other boards. A window is cut in the chassisfront to ac¬ 
commodate the digits. 

The power supply parts are mounted on the rear wall 
of the chassis. So are the three input jacks. Prototype 


wiring is shown in Photo B; the input wiring was later 
changed to coax. 

building the chassis 

The first step is to determine the location of each part. 
Next, mark off and drill the mounting holes for the input 
phono jacks, the fuse holder, and front panel switch. 
Then drill the transformer and heat-sink-regulator 
mounting holes, tie-point holes, and holes in the chas¬ 
sis top for the circuit board bolts. 

With an awl, markguidelinesfor cutting thedigit win¬ 
dow. Drill holes in diagonally opposite corners of the out¬ 
line to accommodate the sabre saw blade and cut the 
rough opening. This is a tricky and possibly dangerous 
step , so Td suggest you secure the chasiss firmly in a vise 
while you make the cut Stay slightly to the inside of the 
guidelines; use a small, flat file to smooth the edge of the 
opening to its finished size. For the window its self, I cut 
a piece of clear plastic (box covers are ideal) and glued 
it into place. 

Photo A also shows the approximate board locations 
of all parts and wiring paths for the multiplexer intercon¬ 
nections. Other wiring shown in the remaining figures 
according to normal schematic drafting practice. 

the power supply 

The power supply (fig. 5) is typical of so-called “econ¬ 
omy'' supplies in thata single secondary winding is used 
to develop two voltage levels. (The MOSFETs need 12 
volts; the rest uses 5 volts. Both are regulated.) The 
transformer supplies 18 volts ac through a bridge recti¬ 
fier to the filter for the 12-volt section, regulated by a 
12-volt Zener diode; a center tap provides 9 volts ac to 
the filter of the 7805 5-volt regulator. 

The power supply components, installed on the back 
of the chassis, are partially supported by tie points. The 
7805 regulator is mounted on a standard T-22Q type heat 
sink positioned directly against the chassis for improved 
heat removal. With the circuit boards in place, it's a pret¬ 
ty close fit; I blew out a bridge rectifier and the fuse by 
not watching a test probe closely enough while making 
tests. I have nowcovered exposed terminals with a tape 
wrap. 

circuit boards 

The digit display board (fig.4and Photo C) contains 
the six LED digits, sockets, and 42 1 /2-watt 330-ohm 
dropping resistors — one resistor per digit segment. This 
board should be wired first. Note that this is the only 
place wire-wrap sockets are used. This is because I 
planned to support the digit board against the chassis 
front by its cable pressure and put several turns on each 
pin for extra stability. I made a seven-wire color-coded 
combination for each digit: a four-wire section plus a 
three-wire section. 

After making all cable solder connections, cut off all 
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the pins except the 5-volt supply pins to about 1 /4 inch, 
leave these longer (about 1 /2 inch) so that the 5-volt bus 
can be run straight across. 

There are no grounds on the digit board. Each seg¬ 
ment "grounds" through its driver connection when ac¬ 
tivated; these are common anode devices. 

The two decimal point positions are grounded 
through 330-ohm resistors over to the front ground bus 
on the bottom board. These decimal points divide the 
six digits into MHz and KHz separations. 

the bottom board 

The bottom board contains multiplexer chips U13 
through U16, decade counters U17 through U22, latches 
^U23-U28, and decoder/driver chips U29 through U34, 
plus sockets (Photo D). 

You'll have to offset three chips to fit all the parts on 
the board, but this poses no problem, in fact, it actually 
helps; because the column of offset chips represents the 
most-significant-digit position, you'll have a handy refer¬ 


ence point to which you can refer as you add parts to the 
board. 

Photo E shows the location of the two ground buses, 



Photo E. Rear view of bottom board shows closeness of 
solder points and bus for latches that transfer pulse feed. 




OtCtT BOARD-FRONT, URStDF DOWN 


ID l tau t 
OLCIMAI 
POINT 



fig. 4. Digit board. Outputs of decoder/drivers are cabled to their respective segment dropping resistors. 
One cable section per digit goes to corresponding decoder on bottom board. Seven 330-ohm resistors per 
digit — except for LEDs No. 1 and No. 4, which have a resistor going from pin 6 to ground. 
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fig. 5. Power supply schematic. 



Photo F. Clock oscillator has prominent location in lower left 
corner of top board view. 

made from No. 12 wire and secured by lugs to the board 
mounting bolts. (While not an ideal ground, it works.) 
The photo also illustrates the closeness of the solder 
points on the pins. This was the part of the whole pro¬ 
ject that most concerned me. I tried to cut each wire so 
that after inserting it through the top of the board there 
would be just the right amount of bare wire left to bend 
over flat against the pin and spin around with a wiring 
tool so that no further wire cutting would be necessary. 
I'd crimp it slightly with my long-nose pliers to assure a 
tight fit and then solder very caref u lly. In the counter sec¬ 
tion of the board I soldered corresponding wires or cor¬ 
responding cabled ABCD data runs. Then I verified both 
continuity and the absence of adjacent pin shorts before 
continuing. This approach paid off. I found two adjacent 
pin shorts and one cold solder joint that I fixed immedi¬ 
ately, saving years of anguish. As I went along I also 


aligned any bent pins. 

In this same photo you can see a bus running under 
the center line of the latch sockets. This bus carries the 
transfer pulse to pins 4 and 13 of each latch, which are 
connected together on the bottom of the board (shown 
by dotted lines in fig. X). There simply wasn't room for 
this run on the top side. 

Because the local Radio Shack was out of small 0.1-pF 
tantalum capacitors, I used their larger, standard PC- 
type for transient bypass and fitted them as best I could. 

Most of the wiring of the multiplexer chips — on both 
bottom board and top board — is in the form of intercon¬ 
nection of gates in the same chip or in other multiplexer 
chips. On the bottom board I started at pin 1 on the top 
left side of chip U13 and went numerically pin-by-pin, 
finishing out each chip before going to the next. I made 
a color-coded tabulation of the off-board wires, leaving 
these about six inches long for later connection to the 
top board. 

top board 

The top board (fig. 2 and Photo F) contains the in¬ 
put preamp/pulse-shaper circuits, the clock oscillator 
U5, and associatedtime-division chips U6 through U12, 
as well as multiplexer chips U1 through U4. 

Friends, I didn't know how many of life's simple pleas¬ 
ures I'd missed until I started working on the top board. 
As with the other board, I determined the layout on a 
board-size piece of quad paper. In an attempt to keep the 
input wires short, I crowded the preamp stages. Besides 
giving the whole thing the look of last year's campfire, 
it began to look as if I might have an interstage coupling 
problem on my hands. Actually, the only place such 
coupling ever did occur was between the wires from the 
input jacks. After I no longer had to remove the top board 
for anything, I changed these to coax. 
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I installed the 40673 preamp and 2SC945 pulse shaper 
circuits first, using 1 /8-watt trim pots as the input imped¬ 
ance for each preamp, but I just tacked on the wires from 
the input jacks. I expected to have to experiment with 
the resistance to get it in the right range for the input cir¬ 
cuits. (The samples from the transceiver have to develop 
a voltage across a load at their respective input stages 
to apply to the MOSFET gate inputs. There is a limit as 
to the amount of current flow through this load. The op¬ 
timum resistance worked out to be about 2 k (which is 
the input impedance listed on the spec sheet for the 
SB-650). 

Radio S hack couldn't help with 2-k pots, so I replaced 
the original 1-k units with 5-k, 1/2-watt trim pots, 
paralleled with a 3.3-k resistor under the board. Thisar- 
rangement works perfectly. (Figure 4 shows only a 2-k 
variable resistance.) 

Though the 40673 MOSFET circuit is similar to that 
used in the SB-650,1 first saw it in an article in QST J The 
crystal clock oscillator design was also taken from this 
article. 

The components of the 2SC945 pulse-shaping circuits 
were determined by experiment because I couldn't find 
any characteristics curves to determine the proper 
parameters for saturation. 

Rather than worry about socket contact resistance 
and corrosion, I direct-wired the transistors. To minimize 
the danger of static blowout of the MOSFETs, I bor¬ 
rowed a dc-operated isolation-type iron from Bobby 
Hobby, KA4DPF, the friend who took the photo for this 
article. 

Next I wired the clock oscillator, which was almost a 
vacation by comparison. I then mounted all the sockets 
forthe 1C chips. I wired miltiplexerchips U1 through U4 
and the oscillator chip, U5, first. I followed the same wir¬ 
ing scheme on this multiplexer section as on the bottom 
board (starting at pin 1, upper left, etc.). 

Then I wired time-division chipsU6through U12. Ex¬ 
cept for the divide-by-four flip-flop U6, the wiring almost 
duplicates itself from chip to chip. Chips U7 through U12 
require that pins 2,3,6,7, and lOallbegrounded. Topre- 
vent chaos, I first connected these pins on each chip to¬ 
gether on the underside of the board, then connected 
them to a ground bus. I had to use a little spaghetti here 
and there to avoid other pins. 

final assembly 

Connecting the digit board to the bottom board is the 
first step in the final assembly, 

Figure4showsa section of seven-conductorcable go¬ 
ing to each digit resistor area. The cable is split into two 
sections each to aliowfor more flexibility in positioning 
the board against the window. Using the color coding 
of the various wires, I tabulated a wiring plan that made 
itquickandeasy to connectthe cableends to the prop¬ 
er pins on the decoder/driver sockets. When I first 
planned this arrangement I was concerned that the digit 
board might not be secure enough without direct 


mounting on the chassis. Not to worry — you couldn't 
knock it loose with a baseball bat. Finally I connected 
those almost-forgotten off-board wires from the bottom 
board to their top-board destinations. 

The main boards are mounted on four 11 /2-inch, 6/32 
bolts protruding downward from the top of the chassis 
(viewed in normal operating position). A 3/8-inch nylon 
spacer on each bolt separates the chassisfromthe bot¬ 
tom board, which is secured with washers and nuts. 
(The ground lead from the 2200 /xF filter combination 
connects to a lug at the nearest bolt.) Three-quarter-inch 
aluminum spacers on the bolts support the top board, 
which is secured by nuts. Lugs carrying the top board 
ground buses go under these nuts. 

adjustments and calibration 

Proper sampling levels are adjusted by placing the 
transceiver on the 29.5-MHz band, in the receive mode, 
and adjusting the three input trim pots to just slightly 
more than the level needed to cause a 29.5 $ MHz read¬ 
ing to lock on the display. 

First I adjusted the 1-MHz clock oscillator trimmer to 
zero beat with WWV, using a portable receiver loosely 
coupled to the oscillator gate section by an insulated wire 
wrapped around the receiver's telescope antenna. Even 
with the economy-type trimmer the frequency stays 
within a few Hz after several hoursof warmup, varying 
no more than about 100 Hz after 24 hours of continuous 
operation. 

With the trim pots set at minimum, I switched the 
transceiver to the 29-MHz range; the heterodyne oscil¬ 
lator is at its highest frequency here, and losses through 
the sampling circuitry are greatest. (In other words, if it 
works here it should work anywhere.) At this point the 
display read all zeros, as was appropriate. Then I ad¬ 
vanced the heterodyne oscillator trim pot until a firm 
reading in the region of 38 MHz was showing (this is the 
frequency of the heterodyne oscillator crystal on this 
band). 

Then I adjusted the carrier oscillator trim pot for a 
marked drop infrequency reading, to about 34 + MHz; 

I adjusted the VFO trim pot for a further drop to 29 + 
M Hz. I advanced each trim pot slightly and closed up the 
chassis. 

Naturally the first thing I did was to tune down to 
7335.0 US B. As I brought up the audio gain, I heard, with 
perfect clarity, "This is CHU, Canada. The time is ... " 
— one of the sweetest sounds I have ever heard. 

This readout can be adapted to some other rigs. By 
using the heterodyne oscillator input only, it can be used 
for low-voltage level frequency counting, with 100-Hz 
resolution. 

If you have any questions, write (please enclose 
SASE) and I'll try to help. 

reference 

1. Philip S. Rand,W1 DBM, "The BEEPER: An Audible Frequency Readout for 
the Blind Amateur," QST, September, 1983, page 19. 
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2.3-GHz prescaler 


Extend your digital 
counter’s dynamic range 

Some years ago, I built a prescaler for my rf frequen¬ 
cy counter which extended its operating range from 550 
MHz to above 1300 MHz. 1 While this prescaler provid¬ 
ed a means of measuring the frequency of 1296-MHz 
equipment accurately, it was never easy to use because 
of its limited input sensitivity. 

Recently I built a prescaler for my present counter 
which virtually eliminates most of the shortcomings of 
that earlier model. This prescaler is based on a divide-by- 
two integrated circuit, the Telefunken U822, which 
operates well beyond 2000 MHz. Unlike my earlier de¬ 
sign, this prescaler incorporates a preamplifier to in¬ 
crease the useful dynamic range so that the input signal 
level does not need to be closely controlled. 

circuit development 

The U822 is a low-cost silicon monolythic 1C designed 
for the consumer market in such applications as cable 
TV tuners and satellite TV downconverters. Packaged 
in a four-lead plastic housing similar to those used for 
low-cost RF transistors such as the MRF901, the U822 
operates from several hundred MHz up to at least 2.0 
GHz and produces a low-level output at one-half the in¬ 
put frequency. A similar device, the U824, is useful as 
a prescaler for600-MHz counters and electrically quite 
similar to the U822. The only major difference between 
the two is that the U824 divides by four rather than two. 
Although this article describes the U822, the U824 can 
be installed in its place without circuit changes if a divide- 
by-four prescaler is desired. 

dynamic range limitations 

One problem with using the U822 to extend the oper¬ 
ating frequency range of a digital counter is that the in¬ 
put power range (dynamic range) of the divider is quite 
limited. This means that the power level of the input sig¬ 
nal must be held within close limits. If this is not done, 
the divider may not produce an output — or worse, it 


may produce a spurious output not at the correct fre¬ 
quency. 

Generally the signals we wish to measure with a fre¬ 
quency counter aren't available at an optimum power 
level. Therefore it's more than a small nuisance to have 
to deal with the limited dynamic range of a divider in a 
prescaler used as a piece of test equipment. One solu¬ 
tion to this problem is to increase the dynamic range of 
the prescaler. Then, we can be more confident that the 
output frequency is at exactly half the input frequency, 
and we'll be able to use the prescaler for a wide range of 
signal power levels. 

limiting amplifier 

One good way to increase the dynamic range of the 
prescaler is to place a limiting amplifier ahead of the 
divider. A limiting amplifier provides a constant output 
power over its entire input power range. Of course, all 
real amplifiers are limiting amplifiers in some sense, be¬ 
cause there's a limit to their output power, but we usually 
don't try to operate them this way. The key point is this: 
a limiting amplifier will compress the dynamic range of 
the input signal to a much narrower output range, and 
this narrower output power range can be more suitable 
forthe input of the digital divider. The question now is, 
what is the "suitable" range for the U822? 

The data sheet for the U822 lists a minimum input sig¬ 
nal power and frequency over which the divider is 
guaranteed to function properly. The input signal level 
must be greater than 150 millivolts RMS, and the divider 
will operate to a minimum of 2000 MHz. The maximum 
input signal power for operation isn't listed, but the max¬ 
imum survival power (higher power may damage the 
device) is listed. In addition, the data sheet doesn't pro¬ 
vide operational data on "typical" devices nor on oper¬ 
ation above2000 MHz. So, to design a limiting amplifier 
inputforthe prescaler, we need more detailed informa¬ 
tion on how the divider performs over a wide range of 
input power levels, and at various frequencies. 


By Jerry Hinshaw, N6JH, 142 Kensington Place, 
Frederick, Maryland 21701 
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tests determine operating range 

To get this data, a U822 divider was tested using the 
setup shown in fig. 1. The input frequency and power 
level were adjusted while the output signal frequency 
was monitored using a spectrum analyzer. (The spec¬ 
tral display gives a more sensitive indication of when the 
divider is beginning to malfunction than does a frequen¬ 
cy counter. This is because the spectrum analyzer shows 
when the divider output signal starts to break up or 

develop nonharmonic spurious products more quickly 

\ 

than these problems would appear on a digital counter 
display.) The divider was monitored from about 1800 
MHz, where it has a fairly wide dynamic range, to about 
2400 MHz, where the operating range is very narrow. 
The results of these measurements are plotted graphi¬ 
cally in fig. 2. The supply voltage to the U822 was held 
constant at 5.0 volts for these measurements. It is prob¬ 
able that by carefully tuning the supply voltage slightly 
over the range of 4.8 to 5.2 volts, the maximum operat¬ 
ing frequency could be increased. However, it's clear 
that we're near the limits of the device already, and 


further tuning would probably yield only marginal im¬ 
provements. 

U822 operating parameters 

Figure 2 clearly shows that the maximum and mini¬ 
mum input power limits converge to a point at which 
only one unique power level can produce a reliable out¬ 
put signal from the divider. Pilots call such a region in a 
flight performance curve the "coffin corner;" although 
the consequences for us are fortunately not fatal, the 
convergence does indicate the practical limit for the de¬ 
vice. To the left of this limit is the operating range, and 
the "window" of permissible powers increases rapidly 
as the input frequency is reduced. Also, we can see by 
inspection of the curve thata power level of + SdBmwill 
provide satisfactory operation to above 2300 MHz. This 
information on the operating power ranges of the divider 
is what's needed to design a limiting preamplifier for the 
prescaler. 

Figure 2 also shows the minimum signal level need¬ 
ed to deliver good divide-by-two outputs. The required 
level ran from - 12dBmat 1800 MHz up to the + 5dBm 
intersection at 2400 MHz. Thus, the dynamic range of 
the input decreases from 20 dB at 1800 MHz to 11 dB at 
2100 MHz, down to only 6 dB at 2300 MHz. This means 
that to measure thefrequency of an unknown signal, its 
power would have to fall within this narrowing region. 
If a limiting preamplifier stage were placed in front of the 
divider, the operating dynamic range could be increased 
both above and below the limits of the divider alone. 

preamplifier design 

By testing a U822 divider, I discovered that the desired 
preamplifier should provide ample gain up to at least 
2400 MHz and should have an output power limit of 
about + 5dBm. Naturally, it also would be nice to have 
wide bandwidth, low cost, small size and low power 
drain. Such a list of requirements would have been dif¬ 
ficult to satisfy a few years ago, but monoJythic silicon 
rf amplifiers that provide nearly all of these desired attri¬ 
butes are now available. They're small, have very wide 
bandwidth, and are less expensive than most low-noise 
rf transistors. Because they draw a fair amount of cur¬ 
rent, they do fall a bit short of our ideal, but only in terms 
of power drain. These "monolythic microwave integrat¬ 
ed circuits" (MMICs) have been described recently in 
Amateur publications 2 3 and are available from stock at 
a number of distributors. 

theMMIC 

The MMICs described in References2and3areavail~ 
able from the manufacturer, Avantek, in four types. The 
data sheets for these devices list a number of operating 
characteristics, including the 1-dB compression point, 
which is the output power level where the gain has been 
reduced by 1 dB from the small-signal value. This com- 
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pression point information is what we need to choose 
a device to limit near the + 5dBm point, which the U822 
divider requires for best operation. In fact, the MMIC 
data sheets contain curves of output compression point 
versus bias current, which can help us choose an oper¬ 
ating point most appropriate for this application. 

Of the four devices, the MS A03 seems best suited for 
use as the prescaler amplifier because it has an output 
compression point of about + 5dBm at 2000 MHz when 
operated at 25 to 30 mA bias. This compression point 
decreases with frequency, which matches the U822 
operating window even better than if the compressed 
power level remained constant as the signal frequency 
increased. An MSA03 amplifier was assembled and test¬ 
ed for compressed power; the results are shown in fig. 3. 

In addition to compressing input signals to the cons¬ 
tant output power required at the U822 divider's input, 
the MMIC amplifier also provides gain to small signals, 
which would otherwise be below the operating range of 
the divider. Thus, if the preamplifier does its job properly, 
the dynamic range of the prescaler will be extended at 
both ends. The MSA03 will provide about 12-dB gain to 
small signals so that the bottom of the curve in fig. 2 
should be lowered by about this much. The top end of 
the curve will also be raised, but there's a limit to how 
high it can go; the MSA03 amplifier itself has a "never 
exceed" input power specification of 100 rnW. Thus, 
with just one stage of amplification using the MS A03 we 
can expect a greater than 20-dB increase in dynamic 
range, which is enough to transform what otherwise 
would be a temperamental prescaler into a useful test 
device. 


The output power level from the U822 is about - 20 
dBm when driving 50 ohms. If this level isn't sufficient 
to drive the frequency counter, a second MSA amplifier 
could be installed on the same board following the 
divider to increase the output power. A single MSA03 
will bring the divider'soutputup toat least - 8dBm (90 
mV RMS), which should drive all but the least sensitive 
frequency counters. 
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fig. 3. Pout vs * Pin for the MSA03at2.0GHz,25-mA bias. 
The amplifier shows the expected limiting near +5dBm. 
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fig. 6. Component locations. Items shown off board are mounted on sidewall of enclosure. 


prescaler operation 

Figure 4 shows the schematic diagram of the prescal¬ 
er. The rf signal enters at the left and is coupled to the 
MSA03 amplifier through a small capacitor. The capac¬ 
itor can be a small mica type — but for more uniform 
results and flatter gain response, I recommend using a 
chip capacitor. Reference 2 describes the selection of 
capacitor type and value in detail. Any capacitance from 
about 30 to 300 pF is a fair choice here, and will work for 
the 1- to2.5-GHzrange. Attheoutputof theMSAam- 
plifier, a second capacitor of the same type is used to iso¬ 
late the DC supply, which reaches theamplifierthrough 
a small, hand-wound choke. Resistor R1 biases the am¬ 


plifier, and for a 12-to 15-volt supply 200 to 240 ohms is 
appropriate. 

The U822 requires + 5 volt bias, which is just a bit too 
low to be used on the MSA amplifier. Rather than run 
two separate power supply leads to the prescaler, a small 
voltage regulator is used to drop the 12-volt to 15-volt 
input to the 5 volts needed by the divider. Because the 
divider draws only about30mA, a small voltage regula¬ 
tor 1C such asthe78L05can be used. No heatsink is re¬ 
quired at this power level. 

Following thedivider a second rf amplifier buffers the 
divider's output and increases the divided output signal 
to a higher power level. The U822 provides about + 20 
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SYSTEM #1 
$399.00 

Molherboard with bios and first 64K 
of RAM. Upgradable to a full 640K of 
RAM. Flip top case. K8XT {at look 
alike) keyboard. 150 watt power sup¬ 
ply with all the power needed to run 
extra drives and cards. 




SYSTEM #2 


$699.00 

Motherboard with bios and first 256K of RAM. Upgradable to a full 640K of 
RAM. Flip top case. K8XT {at look alike) keyboard. 150 watt power supply. 
Dual Disk Drive card with cables. One floppy drive OS DD 360K. A color 
graphics card with RGB and composite output. 

^(All you need is a monitor) 

SYSTEM #3 
$999.00 

Motherboard with bios and first 256K of RAM. Upgradable to a full 640K of 
RAM. Flip top case. K8XT (at look alike) keyboard. 150 watt power supply. 
Color graphics card with RGB and composite outputs, Multi I/O card with two 
disk drive ports, one parallel port, one serial port and one serial port option, 
one game port, clock and calendar with battery backup. Two floppy disk 
drives DS DD 360K and a composite monitor. 

SHIPPING INFORMATION: PLEASE INCLUDE 10 V. OF ORDER FOR SHIP 
PING AND HANDLING CHARGES (MINIMUM (2.50, MAXIMUM *10>, CA¬ 
NADIAN ORDERS, ADO S7 JOIN US FUN DS. MICHIGAN RESIDENTS ADD Q 

4*4 SALES TAX. FOR FREE FLYER, SEND 22« STAMP OR SASE- ,8 „ y 




HAL-TRONIX, INC. .(313) 281 7773 W 

12671 Dlx-Toledo Hwy ■ 6:00 EST Mon-S.t UfIL 113 

P.O.Box 1101 

Southgate, Ml 48195 " HAL “ nowland 


MADISON WINTER SIZZLERS 

* NEW LUNAR AMPS.....CALL FOR INFO’ 

‘NEW ICOM IC-275A + accessories.....Call lor Price 


ICOM IC-28A List $429.00 

Yours for just $369.00 SAVE 




Kenwood TS-440.....Call for trade 

ICOM R-7000 25-2000 MHz..,.....1,949.00 

KDK FM 240..........., 279.00 

8&W Viewstar Antenna Tuner.......89.95 

Shure 444D..................54.95 

Belden 9913 low loss coax...............51/ft 

Amphenol 831 SP-PL259 silverplale....1.25 ea 

AEA Packet PK 232........299.00 

MFJ Packet 1270....,.,...115.00 

AEA 2 meter Isopole...,.......44.95 

Diamond D-130 25-1300 MHz Discone..79.00 

Avanti AP 151.3G on glass,.......36.00 

Van Gorden SLA-1 160-80-40 sloper..................34.00 

GE 6146B.........,,11.95 ea 

USED EQUIPMENT 

Alt equipment, used, clean, with 90-day warranty and 30-day trial Six 
months full trade against new equipment. Sale price refunded if not 
satisfied. 

POLICIES 

Minimum order $10.00. Mastercard, VISA or COD, All prices FOB 
Houston except as noted. Prices subject to change without notice. Items 
subject to prior sale. Call any time tocheck the stat usof your order Texas 
residents add sales tax All items full factory warranty plus Madison 
warranty, 

MADISON 

Electronics Supply 
3621 Fannin 
Houston, Texas 77004 
(713) 520-7300 or (713) 520-0550 

(800) 231*3057 "" 114 
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dBm output into 50 ohms. Because this level is too low 
to drive many frequency counters, another M S A03 am¬ 
plifier brings the signal up to about - 8 dBm. If the se¬ 
cond amplifier isn't needed, it can be omitted. Install 
jumpers over the cuts in the microstripline to complete 
the circuit from C3 to the output connector. If AR2 isn't 
installed, then C4, C9, C10 # R2 # and L2 may also be 
removed. 

At the right, the divide-by-two output leaves the out¬ 
put connector. The U822's output is direct-coupled, so 
a coupling capacitor is used to prevent unwanted bias¬ 
ing of the divider by external voltage sources. 

construction 

The prescaler is built on a circuit board that can be 
etched from the full-sized negative artwork shown in fig. 
5. Alternatively, a prototype board can be made using 
the same artwork, and handcutting the traces with a 
sharp knife and peeling away the undesired pieces of 
copper. With either technique, leave the far side of the 
board as unbroken ground to form a ground plane for the 
microstrip circuit traces. Wrap the edges of the board 
with copper tape or thin brass shim stock. Solder both 
edges so that the top ground areas are well-connected 
to the bottom ground plane. The two ground leads from 
the MSAare run through theO.15-inch hole in which the 
MSA amplifier is mounted. Then they're soldered to the 
ground plane on the far side of the circuit board. The out¬ 
put of the amplifier M M 1C device is identified by a small 
bump on the top of the package next to the output lead. 

The U822 divider is also mounted to the board in much 
the same way. A 0.2-inch hole is drilled in the board to 
clear the circular plastic package. The leads are then 
soldered flush to the traces, which connect them to the 
rest of the circuit. The U822 has fourjeads, as fig. 6 
shows. One lead each is used for the rf input, the divide- 
by-two output, ground, and -f 5 volt bias. The longest 
of thefour leads is the output. Thebiaslead of the U822 
should be well decoupled to ground. I used a chip capac¬ 
itor, a small ceramic disk capacitor, and a tantalum slug 
capacitor. This combination, I hoped, would provide 
good R Fdecoupling at frequencies from a few Hz up to 
several GHz. 

The biasing circuitry for the MSA and the voltage 
regulator are hooked up point-to-point along the edge 
of the circuit board and to the mounting points of the en¬ 
closure. Their locations are not critical if the rf amplifi¬ 
ers and the divider have been effectively decoupled on 
the board. 

performance 

Figure 7 shows the performance of the prescaler with 
its preamplifier in place. The improved dynamic range 
is markedly different from the operating window seen 
in fig. 2. With its preamplifier, the prescaler now has a 
much better input signal range, both above and below 

















the levels which the divider alone could handle. 

In recent years, digital integrated circuits have made 
it possible to build digital frequency counters for micro¬ 
wave frequencies. Just ten years ago, the fastest avail¬ 
able counters operated at about 1200 MHz, but silicon 
bipolar dividers now on the market operate more than 
twice as fast. New Gallium Arsenide (GaAs) digital chips 
are in limited production, and although they're still too 
expensive for Amateur use, they promise yet another 
leap in performance in the near future. 

references 

1. Jerry Hinshaw, N6JH, '*1.5 GHz Divide by-lout Presenter/' ham radio, De 
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short circuits 


rewinding transformers 

Pages 89 and 90 of W6WTU's article, 
“Rewinding Transformers with CAD 
(December, 1986) were transposed. 
— TNX WB4UIV 

SSTV with 064 

The address of the Journal of the 
Environmental Satellite Users' Group 
was shown incorrectly in the October 
article, “Get on SSTV with the C-64“ 
(page 43). The correct address is 2512 
Arch Street, Tampa, Florida 33607. 
(TNX WD4MRJ) 
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UNADILLA 

REYCO/INLINE™ 

Amateur Antenna Baiuns 

For 20 years, preferred by Amateur, Commercial 
and Military Operators . First with built-in lightning 
arrester—minimizes TVI, maximizes power . 
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WZDU HF 


♦ 
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W20UVHF 

$19.95 
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W2AU Broadband Ferrite Core Baiuns 

For medium power (1000 watts RF min ) and broadband operation 3-40 MHz 
W2DU Non-Ferrite Very High Power Baiuns 

W2DU-HF (High Power) UNADILLA k 
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ANTENNA’S ETC. 

PO Box 215 BV, Andover, MA 01810-0814 

Switch All Your Antennas 
Over One Coaxial Feedline 


$20.15 
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DC Operated 
2 Position Relay 
(inside your 
shack) 


(injects DC 

onto coax) shack) 

This system operates from f .5 to W0 MHz and handles 1250 RF watts 
Use our antenna switching kit and eliminate excess coax runs. 
Wilh this kit and a single run of coax, you can switch between 
your antennas remotely. Use to add an antenna ai modesl cost, 
or change array direction. 

Other types and combinations of relays are available. 
Please call or write us for more information, and save on your 
coax runs! 

30 day MONEY BACK GUARANTEE on all products 
Unadilla/Reyco/Inline is now a Division of ANTENNA’S ETC. 
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X-band beacons 


A practical guide 
to component selection, 
installation, and operation 

On the low bands, distant signals are almost always 
available to aid in adjusting antennas, checking out 
equipment, and investigating propagation. This isn't 
so on the microwave bands, where contests may pro¬ 
vide the only microwave signals you're likely to hear. 
By the time the contest arrives, however, it's much 
too late for extensive testing of any kind. 

One way of solving this problem is through use of 
a beacon that provides an ever-present, stable (but dis¬ 
tant) signal. Fortunately, microwave beacons aren't 
particularly difficult or expensive to build. 

Part 97, section 97,87 of the FCC regulations pro¬ 
vides for Amateur beacons. All frequencies above 450 
MHz — and some below 450 MHz — are available for 
automatically controlled beacons. Although no spe¬ 
cial authorization is required, some form of control is 
necessary. 

I've had a X-band (10 GHz) beacon operating from 
a 2000-foot mountain near Ventura, California, for 
several years (see fig. 1). Coastal southern California 
is its intended coverage area. 

The heart of the beacon is a 140-mW Gunn diode 
source operating on 10.256 GHz. The Gunn diode is 
fm-modulated with the repeating Morse message: 
"WA6EJ0/B Ventura X band beacon." Control is 
provided by the W60RE remotely controlled station 
(fig. 2), 1 which simply turns the beacon's power sup¬ 
ply on and off. Although this article pertains to build¬ 
ing an X-band beacon, the same techniques can be 
applied to any microwave band where simple rf 
sources are available. 

An X-band beacon consists of a signal source, an 
antenna, an IDer, a power supply, a weatherproof 
housing, and a control unit. 

signal sources 

A Gunn diode oscillator is a typical X-band source. 


The Gunn diode itself* is usually packaged in a small 
metal box or casting. There's a terminal for dc bias 
and an opening for the rf output. Pre-packaged Gunn 
diode oscillators used in intrusion alarms and police 
radars often appear on the surplus market. 

The dc requirement ranges from about 5 volts to 
15 volts, at a current level of tens to hundreds of mil- 
liamps, depending on the particular unit. This power 
should be well regulated because voltage fluctuations 
will result in fm-ing the frequency of the output (which 
comes in handy for modulation). 

The power output is in the tens to hundreds of mil¬ 
liwatts — not levels capable of inducing rf burns, but 
eye damage is a possibility . Keep microwave sources, 
even weak ones, away from your head! 

The frequency can usually be adjusted over a wide 
range, often hundreds of MHz, with a mechanical tun¬ 
ing screw. These are free-running, not crystal- 
controlled, oscillators. Nevertheless, they're surpris¬ 
ingly stable after a few minutes warm-up. Sources 
from intrusion alarms and speed radars are usually 
tuned to 10.525 GHz, slightly above the Amateur 
band. 

The Gunn diode oscillator used in my beacon is a 
surplus police radar unit purchased from Lectronic Re¬ 
search Laboratories for $50.** While that may not 
seem to be a bargain — I have picked up Gunn oscil¬ 
lators at swap meets for $5 — the power output is 
quite high. The unit is rated at 100 mW and, when 
measured, produced 140 mW. 

Equally usable are IMPATT (IMPact ionization Av¬ 
alanche Transit Time) diode sources, which take more 
voltage (70 to 90 volts), and Dielectric Stabilized Os¬ 
cillators (DSO). Klystrons are definitely passe. Solid- 
state sources are generally cheaper, longer lasting, and 
safer (no high voltage). 

When purchasing surplus microwave hardware, it's 


I "Actually, the Gunn diode is not a true diode. It has no PN junction, but 
does have a designated anode and cathode. 

**Lectronic Research Laboratories, Atlantic and Ferry Avenue, Camden, New 
Jersey 08104. 

By Steve J. Noll, WA6EJO, TiC Scientific, 1288 
Winford Avenue, Ventura, California 93004-2504 
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fig. 1. Beacon with cover removed. 



fig. 2. Beacon schematic. 


important to make sure you're getting the correct fre¬ 
quency range. The designation "X-band" actually 
covers a very wide range of frequencies, from 5.2 GHz 
to 10.9 GHz, with several different sizes of waveguide 
available. Rectangular waveguide is the transmission 
line of choice because sources, antennas, and other 
hardware are usually built to mate with rectangular 
waveguide flanges. 


The Amateur Radio Service portion of X-band is 
10.0 GHz to 10.5 GHz, which includes the Xp and X|< 
sub-bands. The waveguide we are interested in meas¬ 
ures 0.9 x 0.4 inches inside, and 1x1/2 inches out¬ 
side. The designations for such guide are WR-90 (ElA) 
and RG-52/U (MIL). The flanges of interest are UG-39 
and UG-40. 

The waveguides for the frequencies just above and 
below the Amateur band differ only slightly in dimen¬ 
sion; it's easy to pick the wrong one. When shopping 
at electronic swap meets, hamfests, or surplus stores, 
it's wise to carry a ruler or a waveguide flange of the 
correct dimensions for comparison. 

Note that sources may actually have smaller rf out¬ 
put openings than the standard waveguide inside 
dimensions. In fact, the rf port may be just a round 
hole. Because of this, it's more important to judge sur¬ 
plus source frequency range by checking the spacing 
of the four No. 8 mounting holes at the flange cor¬ 
ners. The spacing for UG-39 and UG-40 flange holes 
is 1-7/32 x 1-9/32 inches. 

Let's say you've picked up a purported Gunn diode 
oscillator at the local swap meet or surplus empori¬ 
um, but its voltage requirement isn't marked. Now 
what? Fortunately, it's not difficult to determine the 
optimum bias for a Gunn diode. An adjustable power 
supply, an attenuator, and a detector — or prefera¬ 
bly, a power meter — are required. 

Connect the source to the detector/power meter 
through the attenuator (10 or 20 dB, for protection). 
Run the supply voltage up, starting from 5 volts, and 
monitor the power output. It should peak somewhere 
between about 6 to 14 volts and then decline. The 
peak is the operating point. 

I've applied this technique to three different X-band 
Gunn sources (fig. 3). A Solfan source started oscil¬ 
lating at 4 volts and had a broad peak at 8 volts with 
8.5 mW out. A Racon source started oscillating at 4.5 
volts and peaked at 9 volts with 30 mW out. A Green- 
ray source started oscillating at 9 volts and peaked at 
12 volts, with a 130-mW output. 

A couple of important details: spurious low frequen¬ 
cy oscillations can destroy a Gunn diode. (This can 
be prevented by connecting a 15- to 35-/*F capacitor 
and a 0.01-/^F capacitor across the diode.) Also, Gunn 
diodes can be damaged by reverse polarity. Usually 
the case of the Gunn oscillator is negative. 

antennas 

Although there are other kinds of microwave anten¬ 
nas, horns (fig. 4) are probably best for most beacon 
applications. They're commonly found on the surplus 
market, but if you can't find one, it's not difficult to 
make one from a short piece of brass waveguide, a 
brass flange, and some sheet brass (figs. 5A, 5B) 
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available from hobby shops.* Horns are also reasona¬ 
bly efficient and don't require tuning. 

Where to get waveguide and flanges? Check sur¬ 
plus stores and swap meets for miscellaneous 
waveguide assemblies that have salvageable parts. But 
ayoid aluminum waveguide and brazed brass 
waveguide unless it's already in a usable form. Sol¬ 
dered brass waveguide and flanges are best because 
they can be taken apart with a torch. Another source 
is Lectonic Research, which sells brass flanges (in the 
$3 to $6 range) and waveguide (at about $4 per foot). 

A horn is a directional antenna and essentially a 
flared, open waveguide. Short, small horns have wide, 
low-gain patterns; long, large-aperture horns have 
more gain and less beamwidth. Ideally, a microwave 
beacon should be positioned so that all users are situ¬ 
ated in one direction from it. Power is hard to come 
by at X-band, so it's a shame to waste it on a wide- 
beamwidth antenna. 

What sort of gain and beamwidth is available from 
horns? The small horn used on the Microwave Associ¬ 
ates Gunnplexer transceiver, for example, measures 
3 inches long and has an aperture measuring about 
3 inches by 3-1 12 inches; the gain is approximately 17 
dB, with a beamwidth of 30 degrees. The Microlab/FXR 
X638A, a large X-band horn, measures 15 inches long 
and has a 7-5/8 by 5-5/8 inch aperture; the gain is 22 
dB, with a beamwidth of about 12 degrees. As you 
see, as gain rises, horns get longer. 

identifying 

Part 97.84d3 requires that beacons be identified 
at intervals not to exceed 1 minute. If ID is by voice, 
the word "beacon" must follow the call sign. If ID is 
by CW, the call sign must be followed by the fraction 
bar DN and the letters "BCN" or "B." Although 
speech synthesis and speech recording chips are avail¬ 
able, it's probably still cheaper and better to identify 
with CW. Commercial CW IDers are available. GLB 
and Autocode** are two manufacturers of IDers in the 
$50 price range. An IDer can be built, of course, and 
few parts are required. The WB2BWJ IDer is quite 
popular. 2 - 3 4 

Although SSB is on the way, most 10-GHz stations 
still use fm because the popular Microwave Associ¬ 
ates Gunnplexer was designed to work on fm. There¬ 
fore, fm modulation of the beacon is in order, and it's 
fortunately quite easy to accomplish. As noted, pow¬ 
er supply fluctuations will fm the rf output of a Gunn 
diode. So all that needs to be done is to inject a little 
modulated CW audio into the diode via a coupling ca¬ 
pacitor. 


*Src the RSGB VHF UHF Manual tor horn construction details. 

"GLB Electronics. 151 Commerce Parkway, Buttalo, New York 14224; Au 
tocode, P.O. Box 7773, Westlake Village. California 91359 



fig. 3. Surplus X-band Gunn Oscillators. 
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fig. 4. Examples of X-band horn antennas. 

How much audio must be injected? That depends 
on the fm bandwidth of the receivers that will be 
monitoring the beacon. Probably the easiest way to 
determine the best amount is to adjust the IDer level 
while listening to the beacon output with a receiver 
typical of the type that will be monitoring the beacon. 

In the case of my beacon, 100 mV peak-to-peak was 
required for a good signal as heard on a Microwave 
Associates Gunnplexer with a 3-dB-i-f bandwidth of 
25 kHz. This voltage was measured at the Gunn di¬ 
ode. The IDer audio is actually coupled into the ADJ 
pin of the LM317 voltage regulator powering the Gunn 
diode. 

power supply 

Nothing’s critical here. My beacon, including regu¬ 
lators, 140-mW rf source, IDer, and pilot light, draws 
a total of 400 mA from an unregulated 20-volt power 
supply. The unregulated supply is located in a cabi¬ 
net, some 70 feet below the tower-mounted beacon. 
The supply consists of a 6-amp transformer, full-wave 
bridge rectifier, capacitive filtering, fuse protection of 
the line side, circuit breaker protection of the load side, 
and a solid-state relay for control. The raw dc is piped 
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up to the beacon via coax cable. The voltage regula¬ 
tors, a 7812 for the IDer and an LM317 for the Gunn 
diode, are located in the beacon housing. 

Why not regulate the dc at the base of the tower? 
There are several reasons: voltage drop is one. The 
20-volt supply allows for plenty of voltage drop in the 
trip up the tower. This also allows for more beacons 
to be added later by tee-ing power off the coax. Regu¬ 
lation right at the load also avoids hum and rf pickup 
that could occur through 70 feet of line. 

lightning protection 

Nothing but luck will save equipment actually struck 
by lightning. Serious damage from near strikes, how¬ 
ever, can be avoided. A near strike took its toll on my 
beacon once and the result was blown fuses, a tripped 
circuit breaker, a blackened neon pilot light, a de¬ 
stroyed voltage regulator, and burned paint on the 




fig. 5B. Prototype X band biconical horn. 


power supply. But there was no damage to the valu¬ 
able parts, the IDer, or the Gunn diode! This fortunate 
outcome wasn't entirely attributable to chance. The 
beacon and its power supply were judiciously designed 
using fuses. Metal Oxide Varistors (MOVs), polarity 
protection diodes, ferrite beads, and surge-absorbing 
capacitors. The three terminal voltage regulators have 
an innate capacity for load protection. And using coax 
instead of a pair of open wires for supplying power 
helps reduce induced voltage. Design as much pro¬ 
tection in as possible; it just might pay off! 

beacon enclosure 

Presumably the horn antenna, rf source, and IDer 
will be mounted on a tower or pole of some sort. All 
are small enough to fit inside an enclosure less than 
a half cubic foot in volume. The horn needs to "look" 
into the atmosphere through an rf-transparent win¬ 
dow, so at least one wall of the enclosure has to be 
made from a suitable dielectric. 

Finding an appropriate plastic box is no small feat. 
Sunlight can be quite destructive; it will disintegrate 
some plastics in a very short period of time. (For ex¬ 
ample, polyethylene trash bags left in sunlight will de¬ 
teriorate in a few weeks. White nylon cable ties 
crumble in a few months.) Plastics often contain 
ultraviolet stabilizers to improve their sunlight resis¬ 
tance, but you can't tell by looking if a given piece 
of material contains UV stabilizers or microwave- 
absorbing additives. 

Some have suggested testing the rf absorption of 
a material by placing it in a microwave oven, saying 
that if the material gets hot, it shouldn't be used. This 
sounds reasonable, but I really don't know how valid 
it is. Another test involves placing a piece of the pro¬ 
posed rf window material in front of a Gunnplexer and 
noting if much frequency "pulling" occurs, or if there's 
a change in mixer current caused by reflection. In the 
absence of any actual rf attenuation measurement 
capabilities, this method seems more reliable. 

Some possible enclosures include plastic food stor¬ 
age containers, small plastic trash cans, computer dis¬ 
kette storage tubs, or wood or metal boxes with glass 
or Fiberg/as™ windows. Styrofoam™-type materials 
might not be advisable because birds would be able 
to peck through them readily. 

I was lucky to find a plastic box perfect for this ap¬ 
plication (fig. 6). It once housed a roof-mount Mul¬ 
tipoint Distribution Service (MDS) 2-GHz receiver and 
antenna, so its microwave transparency and weather 
resistance were already proven. I further protected the 
box from sunlight by covering all sides except the one 
that the horn shot through with adhesive aluminum 
tape. 

I covered the Gunn oscillator with building insula¬ 
tion to slow temperature changes, and thus, frequency 
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fig. 6. Beacon with cover in place. 

drifting. You can cover the horn opening with plastic 
food wrap (such as Saran Wrap™) to slow air 
migration-induced temperature changes. For perfec¬ 
tionists who want to provide active temperature con¬ 
trol, several circuits are described in the Gunnpfexer 
Cookbook* 

control circuitry 

Part 97.87b says, "A station in beacon operation, 
either locally controlled or remotely controlled, may 
also be operated by automatic control when devices 
have been installed and procedures have been im¬ 
plemented to ensure compliance with the rules when 
the duty control operator is not present at a control 
point of the station." 

One can't just park a beacon on a hilltop and forget 
about it; control is required. This would presumably 
mean simply being able to turn it on and off. Ideally, 
a beacon would be located at an existing repeater or 
remotely controlled station (Remote Base) site and 
share the control link. 

My beacon, or more specifically, its power supply, 
is operated by the control link of a remotely controlled 
station. If a control receiver must be built for your bea¬ 
con, remember that Part 97.86d allocates all frequen¬ 
cies above 220.5 MHz, except 431-433 MHz and 
435-438 MHz, for controlling ("auxiliary operation"), 

choosing a frequency 

The Amateur X-band covers 10.0 GHz to 10.5 GHz. 
Considering the possibility of drift, it would be wise 
to stay clear of the band edges. The rigs most likely 
to use the beacon, the Microwave Associates Gunn- 
plexers, are usually operated around the middle of the 
band anyway. 

How do you find the middle — or for that matter, 
any portion of the band? If you don't have access to 



fig. 7. Measuring beacon frequency with an HP-540B trans¬ 
fer oscillator. 

a microwave frequency counter or wavemeter, one 
way is to use a Gunnplexer for a receiver and tune the 
beacon until it's heard. But how do we know where 
the Gunnplexer really is? You could build up a calibra¬ 
tor from a crystal oscillator and multiplier chain, hit 
a snap diode (an SRD) with a few hundred MHz of 
rf and generate a wee bit of X-band. Or, you could 
just hit a diode with a hundred mW or so of 146,52 
MHz from a common 2-meter handheld. 6 The 70th 
harmonic will be 10.2564 GHz, close enough to the 
middle of the band. 

Another affordable method of microwave frequen¬ 
cy measurement involves using a surplus Hewlett- 
Packard 540B transfer oscillator (fig. 7). This instru¬ 
ment consists of a tunable 100- to 220-MHz oscilla¬ 
tor, a diode mixer, and a small oscilloscope. The 
oscillator output and the signal to be measured are 
both applied to the diode mixer, which serves as a 
combination harmonic generator and mixer. The os¬ 
cillator is tuned until a zero beat is observed on the 
oscilloscope. If we know, for example, that the source 
is somewhere between 10.1 GHz and 10,4 GHz, and 
tuning the 540B oscillator yields a zero beat at 205 
MHz, the source is at 10,250.0 GHz (205 MHz x 50th 
harmonic). There are procedures given in the 540B 
manual for figuring the source frequency if the possi¬ 
ble range is wider (approximate source frequency un¬ 
known). A frequency meter output is provided on the 
540B for connection of a counter to obtain higher reso¬ 
lution than is provided by the oscillator dial. The source 
signal can be picked up by connecting a small horn 
antenna to the 540B mixer input with a waveguide to 
a type N adapter. The 540B will measure frequencies 
from 10 MHz to at least 12.4 GHz. 

Remember, the packaging, and anything else near 
the front of the horn will "pull" the frequency some¬ 
what. So whatever method is used for determining the 
beacon frequency, be sure that the final measurements 
are made with the beacon in its finished, packaged 
form. 
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expected range 

How far away can you expect to hear an X-band 
beacon? Assuming a line-of-sight path, a 15-mW bea¬ 
con, a Gunnplexer receiver with a very narrow (15 kHz) 
i-f, and small 17-dB horns on both beacon and Gunn¬ 
plexer, you can expect a range of about 100 miles. 
With an 80-mW beacon and the same set-up, you can 
expect a range of about 200 miles. For a wide (200 
kHz) i-f, 15-mW beacon, and two 17-dB horns, ex¬ 
pect a range of about 30 miles, and about 60 miles 
for an 80-mW beacon. 

If you use a 2-foot dish at the receiver and a 17-dB 
horn at the beacon, figure about 150 miles for a 
15 mW beacon and wide i-f, 300 miles for an 80-mW 
beacon and wide i-f, 600 miles for a 15-mW beacon 
and narrow i-f, and a whopping 1200 miles with an 
80-mW beacon and narrow i-f. 

improvements 

The best improvement you could make to the sim¬ 
ple beacon presented here would be to increase the 
frequency stability. This would make the beacon not 
only an excellent tool for checking propagation, but 
also a frequency standard. 

The easiest way to achieve better stability is through 
temperature control; proportional temperature control 
methods are discussed in the Gunnplexer Cookbook. 6 
Better yet is to phase lock the Gunn oscillator to a 
crystal-controlled signal. Techniques for doing this 
with Gunnplexers, also described in the Cookbook, 
could probably be adapted to simple Gunn diode 
sources. 

One might consider impressing telemetry on the 
beacon's signal. For example, it would be interesting 
to monitor the air temperature at the beacon site (as 
well as at the receive site) and see if there's any corre¬ 
lation between air temperature and signal strength. 
Ducting or inversions might be detected in this way. 
One possible method would be to connect an LM34 
Fahrenheit temperature sensor 1C* to a 566 voltage- 
controlled oscillator 1C. The resulting temperature- 
dependent tone would be used to modulate the Gunn 
source between IDs. A frequency counter on the X- 
band receiver would measure the tone frequency and 
yield the corresponding temperature. 

Another telemetry candidate is relative humidity. 
Humidity sensors haven't been commonly available, 
but now Mepco/Electra (Philips) makes one that 
changes capacitance with humidity.** 

Still another option would be the ability to pipe the 
audio from the control link through the beacon. This 
would allow one-way X-band QSOs. 


"Digi Key Corporation, P.Q, Box 677, Thief River Falls, Minnesota 56/01. 
"Goldsmith Scientific Corporation, 720 Fast industrial Park Drive. Man¬ 
chester, New Hampshire 03103. 


For better coverage, one might be tempted to in¬ 
stall several Gunn sources on the same tower, each 
pointing in a different direction. Unfortunately, this is 
prohibited by 97.87a: "A station in beacon operation 
shall not concurrently operate on more than one fre¬ 
quency in the same amateur frequency band, from the 
same location." 

Though it's not practical to get several free-running 
Gunn oscillators on exactly the same frequency, there 
may be other ways around this restriction. For exam¬ 
ple, each Gunn source could be served by a different 
IDer bearing the call of an Amateur responsible for that 
particular source. Or, each source could be switched 
on, IDed, and then switched off in succession so that 
none were operating concurrently. 

operation 

Although the 140-mW beacon is only 11 miles from 
my QTH, I've never been able to copy it there because 
of a small peak located in the middle of the path. It's 
estimated that the peak blocks the path by about 50 
feet; even a Gunnplexer with a 2-1/2-foot dish won't 
pick up any knife-edging, although 1296-MHz signals 
over the same path are very strong. Other knife edge- 
dependent shots have been tried without success. 

When the path is truly line-of-sight, the beacon sig¬ 
nal is, of course, quite strong. It has even been picked 
up around town, while mobile! In this case, the receive 
antenna was a vertically polarized, omnidirectional gain 
biconical horn fashioned from two pizza pans; the flat 
pans were beaten into cones and mounted with their 
apexes almost touching. A tiny driven element be¬ 
tween the apexes was connected to the Gunnplexer 
with a waveguide-to-coax adapter. The whole works 
— essentially a horn spun about the vertical axis — 
was then mounted on the top of a truck camper shell. 
(The biconical horn might make a good beacon an¬ 
tenna if an omnidirectional pattern is necessary.) 

conclusion 

A microwave beacon is a worthwhile project that 
can benefit many Amateurs. It isn't particularly diffi¬ 
cult to build; perhaps the most difficult part is simply 
finding a site at which it can be installed. Might a bea¬ 
con be just the catalyst you need to spark microwave 
activity in your area? 
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top-down filter design 


Structured programming 
guides ladder filter design 
using real components 

The design and construction of filters is a topic 
of increasing importance to Radio Amateurs. Mathe¬ 
matical advances in filter theory — from the simple 
m-derived filters so common two decades ago to those 
of today — have been paralleled by an increasing 
sophistication in the design of Amateur equipment re¬ 
quiring such filters. This trend can be seen by com¬ 
paring the mere two pages of filter design information 
in the 1957 edition of the ARRL Radio Amateur's 
Handbook to the multiple pages, complete with de¬ 
sign tables and an extensive bibliography, in the 1986 
Handbook.' 

However, it's one thing to design such a filter and 
an entirely different thing to construct one that works, 
especially at radio frequencies. Filters are designed as¬ 
suming purely resistive terminations with perfect in¬ 
ductors and capacitors. Real filters are built with lossy 
reactive components, often with reactive terminations, 
and always with additional ''components" in the form 
of lead inductances and stray capacitances. Some¬ 
times, also, a series "trap" is added in parallel with 
the output of a filter to remove a particularly trouble¬ 
some signal. These factors, then, may cause the fre¬ 
quency response of a real filter to be considerably 
different from the desired design response. 

This article describes a computer program which will 
calculate the frequency response of a filter made from 
real components. Many Amateurs now have access 
to personal computers and can therefore "measure" 
the response of a real filter without building it and with¬ 
out the laboratory equipment that would be necessary 
to actually measure the response. The program is par¬ 
ticularly useful for evaluating the response of a filter 
which is not terminated in its design load, but instead 
in some other impedance — for example, a tuned 
circuit. 


I The program is designed to analyze ladder filters 
(fig. 1). Most common filters are of this form. 

software design requires planning 

It's a sad fact that most engineers and scientists are 
self-taught programmers. As such, they may not real¬ 
ize that a program must be "engineered" just as 
thoroughly as any hardware project. All too often, they 
may just start in writing code without having thought 
through the overall structure of the program. This is 
the software equivalent of starting the design of a re¬ 
ceiver by calculating the values of resistors in an i-f 
amplifier. 

Just as hardware design is approached from the 
overall to the specific — starting with block diagrams 
and desired stage characteristics — so must a program 
be designed from the outside inward. This is called 
"structured programming." Good programming tech¬ 
niques are important if the resulting programs are to 
be bug-free and robust. There are, alas, not many ex¬ 
amples of this kind of software design in the Amateur 
literature, and many programs appearing in the Ama¬ 
teur literature are very poorly designed. The impetus 
to write this article came as much from a desire to help 
stamp out poor programming practices as a wish to 
share a very useful program. 

This article, then, is a construction article. . . but 
it will be a program, not a piece of hardware, that is 
constructed. 

The essence of structured programming is to de¬ 
scribe the problem as clearly as possible. In this case, 
we want to analyze the attenuation vs. frequency re¬ 
sponse of a filter made with real components. The 
principal difficulty is that there is no simple way of 
characterizing a real component which is valid over 
a wide frequency range. Obviously, we can represent 
any component as a complicated, frpquency-varying 
impedance. Such a representation is difficult to han¬ 
dle, and also presents the problem of somehow meas¬ 
uring real components in order to find out how they 

By J. A. Koehler, VE5FP, 2 Sullivan Street, 
Saskatoon, Saskatchewan S7H-3G8 
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fig. 1. Block diagram of typical ladder filter. 
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fig. 2. Equivalent circuit for a real capacitor. 


Table 1. The quantities needed to specify a real compon- 

ent. 


Component 

Quantities needed 

Capacitor 

Capacitance, lead inductance 

Resistor 

Resistance, lead inductance 

Inductor 

Inductance, Q, stray capacitance 


vary with frequency. This approach is, in practice, un¬ 
usable. The question is, how detailed should our model 
of a component be in order to give an adequate 
representation of its characteristics? 

Consider a real capacitor, for example. The equiva¬ 
lent circuit of a real capacitor, as shown in fig. 2, can 
be represented by a series circuit consisting of a ca¬ 
pacitor, an inductor, and a resistor. The problem arises 
because no single value for any of these components 
is completely valid for all frequencies. 

Fortunately, for most real capacitors used in rf cir¬ 
cuits (such as silver mica, polystyrene or small value 
NPO ceramic capacitors), the resistance value is close 
to zero and may be neglected. The inductance is due 
partly to the capacitor leads and partly to the internal 
construction of the capacitor, but can be fairly 
represented by just the lead inductance. We can there¬ 
fore consider a real capacitor to consist of a capaci¬ 
tance in series with a lead inductance and have a 
model which is fairly good over a wide frequency 
range. 

Similarly, real resistors have inductive and capaci¬ 


tive elements. However, the stray capacitance across 
a resistor may usually be neglected and a real resistor 
can be represented as a perfect resistance in series 
with a lead inductance. 

The most troublesome component is a real induc¬ 
tor. Real inductors have easily measurable losses as 
well as a stray capacitance which may be significant. 
The loss term is normally very frequency-dependent; 
one way of describing it is to use the Q value of the 
inductor according to: 

R = 2itfLQ 

where R is the equivalent resistance in parallel with 
the inductance. Unfortunately, this is only a first-order 
approximation. However, for filter responses over just 
a few decades in frequency, it's reasonably valid and 
provides a basis for computation. A real inductor, 
then, will be specified by an inductance, a Q value {val¬ 
id for the frequency range of the desired filter re¬ 
sponse) and a stray capacitance. Fortunately, all these 
values may be fairly easily determined for a real induc¬ 
tor — the inductance and Q value by means of a bridge 
and the stray capacitance by measuring the self¬ 
resonant frequency of the inductor with, for example, 
a grid dip meter. 

To summarize, real components of capacitors, resis¬ 
tors, and inductors may be specified by the quanti¬ 
ties shown in table 1. 

The basic circuit which is analyzed is that shown 
in fig. 1, but where every box is represented by a se¬ 
ries or parallel combination of components with each 
component being described by values as listed in ta¬ 
ble 1. The whole filter consists of a regular structure 
of these boxes, alternately in series and in shunt be¬ 
tween the source and the load. 

For any frequency, the basic method of calculating 
the filter attenuation vs. frequency response (the ra¬ 
tio of load to source voltage) is what Hayward has 
called the "tackhammer" approach. 2 Each element has 
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a total impedance which can be calculated for that fre¬ 
quency. Then, the total impedance seen by the source 
can be calculated by starting at the load end and work¬ 
ing towards the source. Assuming a source voltage 
of 1, the current from the source can be calculated 
and, working back towards the load, the voltage at 
each node of the network and the current into the suc¬ 
ceeding leg can be calculated. The voltage at the last 
node will be the voltage across the load and this val¬ 
ue, divided by 1 volt, will be the filter response at that 
frequency. 

This is obviously a very tedious technique because 
it must be done for a number of frequencies if the over¬ 
all filter response is to be evaluated. However, it's ad¬ 
mirably suited to computer calculations. 

Now for the construction portion of this article: the 
calculations needed for the filter response are suffi¬ 
ciently long that using an interpreted language such 
as BASIC would result in unacceptably long execu¬ 
tion times. (BASIC also doesn't lend itself to struc¬ 
tured programming techniques.) Instead, I used a 
compiled version of PASCAL, which is particularly well 
suited to this type of program because the program¬ 
mer may define new variable types. In this program, 
I used this feature to define complex numbers and 
operations used in the calculations and in the definition 
of component "types" used to describe the real 
components. 

Structured programming starts at the most general 
level and define the overall program flow, leaving the 
details for last. This is directly analogous to the best 
way of designing hardware, which is to start at the 
general and work down to the specific. If you were 
designing a receiver, for example, you would first de¬ 
termine all the features desired and then draw a block 
diagram showing all the major functional blocks need¬ 
ed to produce them. The software equivalent to the 
hardware block diagram would be a general outline 
of the program as a whole. Flow charts are often used 
for this, but many people, including myself, prefer to 
use "pseudo code." This is a description of the pro¬ 
gram in cryptic English sentences, in which each sen¬ 
tence describes a portion of the program that does a 
single, definable operation. For the filter analysis pro¬ 
gram, the general steps are, first, housekeeping (set¬ 
ting up the program variables, initializing the arrays 


to be used, and opening any files necessary) and sec¬ 
ond, repetitively describing the desired filter, calculat¬ 
ing the response, and displaying the results until you're 
ready to quit. 

The pseudo code description of the program I first 
wrote was the following: 

INITIALIZE 

REPEAT 

GET ALL THE PARAMETERS 
DO THE CALCULATION 
DISPLAY THE RESULTS 
UNTIL DONE 

Having the equivalent of a block diagram of the pro¬ 
gram, the next steps are to break each block (in this 
case, each sentence of pseudo code) successively into 
smaller and smaller pieces of pseudo code until each 
sentence is just a statement in the language being 
used. At this point, the program is complete. 

Somewhere early on in this process, it's necessary 
to define the form of the data upon which the pro¬ 
gram will work. In this case, the data obviously con¬ 
sists of a description of the filter and the frequency 
limits of the calculations. So, part of the process of 
programming requires thinking carefully about how the 
data will be kept. Looking at fig. 1 again, we see that 
there is a regular form to the shape of the filter. Start¬ 
ing at the source end, there are L-shaped sections con¬ 
sisting of a series section along the "top" and with 
a "leg" in shunt. The filter consists of a number of 
such pieces. The symmetry is broken only by the 
necessity of adding a source "element" in front of the 
filter and by having the last "leg" of the filter be the 
load element. 

I chose, therefore, to describe the filter as an array 
of "arms" where each arm consisted of a "top" and 
"leg" pair of "elements." Each element could consist 
of a series or parallel combination of up to three "com¬ 
ponents." Each component would be either a resis¬ 
tor, inductor or capacitor and would be described by 
the values given in table 1 for that particular kind of 
component. 

Finally, having essentially written out the program 
in terms of operations on complex numbers, it was 
necessary only to write PASCAL code to describe how 
the operations were done. Normal good programming 
practices were followed throughout. 

The object is to make the source code as readable 
as possible. The most common failing of beginning 
programmers is the omission of sufficient explanation 
in the source code to allow others to understand how 
the program works. Bear in mind that you're not real¬ 
ly preparing these comments for others but rather, for 
yourself — next month or next year. 

The program was written to handle ladder filters 
with up to nine "legs." Because frequency response 
is usually plotted on a logarithmic scale, the program 
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fig. 4. Comparison of measured and calculated filter 
response. 



fig. 5. Circuit diagram of commercial low pass filter. 


was designed to calculate the filter response at 50 fre¬ 
quencies, evenly separated logarithmically, between 
any desired lower and upper frequency limits. Both 
the number of filter legs and the number of points in 
the frequency response can be altered in the source 
code and the program may be recompiled with those 
values instead of the ones used. 

As a test for the program, a four-leg filter was con¬ 
structed and its frequency response was measured on 
the workbench. The circuit diagram of the filter is 
shown in fig. 3. This "filter" is not a valid design, but 
was constructed from components on hand to see 
how closely the calculated filter response was to the 
measured one. The measured data were compared to 
the response calculated by the program. 

Each inductor was an Ohmite Z-50 rf choke. At 7.9 
MHz, the measured inductance was 6.4 fiH with a Q 
of 100. These values were measured with a Boonton 
G Meter. The parallel self-resonant frequency, meas¬ 
ured with a grid dip meter, was 84 MHz. This cor¬ 
responds to a parallel stray capacitance of 0.56 pF. 


The capacitors were all 20-pF, 5 percent silver-mica 
capacitors, each with lead lengths of about 1/4 inch 
in total. Using the rule of thumb that No. 20 straight 
wire has an inductance of 20 nH per inch, the lead in¬ 
ductance was estimated to be 5 nH for each capacitor. 

The filter termination was a coaxial 50-ohm load and 
the voltage across it was measured with an HP 411A 
rf millivoltmeter. The program was run with lower and 
upper frequency limits of 0.05 and 20 MHz, respec¬ 
tively, and the filter response was measured at the 
same frequencies used in the program. For frequen¬ 
cies below 1 MHz, the signal generator used was a 
AN/URM 25D with its output passed through a 20- 
dB 50-ohm pad to make the output impedance 50 
ohms resistive. Above 1 MHz, a Wavetek Model 3000 
signal generator was used. The source and load ele¬ 
ments were single 50-ohm resistors with zero lead in¬ 
ductance. As is evident in fig. 4, there is excellent 
agreement between the measured and calculated fre¬ 
quency responses. The disagreement between meas¬ 
ured and calculated responses is greatest at 
frequencies where the filter attenuation is high and is 
probably attributable to measurement errors. 

It's worth noting that the filter responses given by 
this program are all about 6 dB below what might be 
expected from a cursory glance at the setup. That is 
because, normally, filter response is given as the ra¬ 
tio of output to input voltage to the filter, whereas in 
this program the response is given as the ratio of fil¬ 
ter output voltage to the internal "generator" source 
voltage. I did this because I wanted to be able to speci¬ 
fy a source impedance which was not just purely resis¬ 
tive. For purely resistive sources and load which are 
equal , just add 6 dB to the program's values to get 
the numbers that are usually used. 

As compiled, the program will handle ladder filters 
with up to nine legs. Although this may seem exces¬ 
sive, it will allow the calculation of the frequency re¬ 
sponse for many networks that may have far fewer 
legs. Consider the filter circuit shown in fig. 5. In some 
commercially-built versions of networks like this that 
I've seen, the parallel resonant circuit consisted of a 
small inductor and capacitor in the middle of a rather 
large shielded compartment with rather long leads go¬ 
ing to the feedthrough capacitors which were in the 
partitions between compartments. In reality, these 
long leads have an inductive reactance which may be 
appreciable at higher frequencies. The actual circuit 
would be that shown in fig. 6. 

This filter may be made into a ladder filter of the 
type used by the program by assuming that there are 
very large resistances to ground between the parallel 
sections and the series resistances, as shown in fig. 
7. If values of, say, 100 megohms are assigned to these 
resistors, the calculated response of the filter won't 
be affected by them and will closely approximate the 
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fig. 6. Equivalent circuit of one section of filter. 
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fig. 7. Filter section redrawn to be suitable for program 
analysis. 


actual frequency response of the filter, as constructed. 

A program like this allows you to predict, accurately, 
what the response for a real filter will likely be. I re¬ 
cently built a high-power (600-Watt) 6-meter amplifi¬ 
er. Using a spectrum analyzer, I noticed that there was 
a significant fourth harmonic output at 200 MHz. The 
problem turned out to be caused by excessive harmon¬ 
ic generation in the 25-Watt driver — a run-of-the-mill 
semiconductor, broadband amplifier. The simplest 
remedy seemed to be to put a low-pass filter between 
the driver and the final amplifier. I chose a pre¬ 
calculated standard-value capacitor (svc) design with 
a 3-dB corner frequency of 75.16 MHz. 2 This filter 

is a 7-element Chebyshev design; the schematic dia¬ 
gram is shown in fig. 8. 

The program was first run for this filter with the as¬ 
sumption that the source and load were 50 ohm resis¬ 
tive, that inductors would have a Q of 100 throughout 
the desired range, and that the capacitors would have 
a lead inductance of 5 nH. The calculated filter re¬ 
sponse, very similar to the theoretical response for per¬ 
fect components, is shown in fig. 9 as a solid line. 
However, the load provided to the filter by the ampli¬ 
fier isn't purely resistive because there's a tuned cir¬ 
cuit in the transformer-coupled grid portion of the 
amplifier circuit. Indeed, the input to the amplifier is 
more like a 50-ohm resistance in parallel with a paral¬ 
lel tuned circuit. Assuming that this tuned circuit 
would be something like a 0.1 ;iH inductor in parallel 
with 100 pF, the calculated filter response with this 
load is shown as the dashed line in fig. 9 and devi¬ 
ates considerably from the theoretical response of the 
filter. Just out of curiosity, I also calculated the re- 
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9 MHz CRYSTAL FILTERS 


MODEL 

Appli¬ 

cation 

Band¬ 

width 

Poles 

Price 

XF-9A 

SSB 

2.4 kHz 

5 

$53,15 

XF-9B 

SSB 

2.4 kHz 

8 

72.05 

XF-9B-01 

LSB 

2,4 kHz 

8 

95.90 

XF9B-02 

USB 

2.4 kHz 

8 

95.90 

XF-9B-10 

SSB 

24 kHz 

10 

125.65 

XF-9C 

AM 

3.75 kHz 

8 

77.40 

XF-9D 

AM 

5.0 kHz 

8 

77.40 

XF-9E 

FM 

12 0 kHz 

8 

77 40 
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CW 

500 Hz 

4 

54.10 

XF-9NB 

CW 

500 Hz 

B 

95.90 

XF-9P 

CW 

250 Hz 

8 

151 20 

XF-910 

IF noise 

15 kHz 

2 

17 15 


10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Invited. Shipping S3,75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands 
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MMk 

1891*137 

26995 

MM1 
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MMl 
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289.95 

MMc 

432*28{S) 

69.95 

MM1 

144.28(R) 

349 95 

MMc 

144*28{HP) 

74 95 

MMl 

144*28 

189 95 

MMc 

144-28 

54 95 

MMl 

435-28(S) 

299.95 


LINEAR POWER AMPLIFIERS 


2M 

MML 144-30-LS 
MML 144-50-S 
MML 144-100*S 
MML 144.100-LS 
MML 144-200-S 


ANTENNAS 

2M 

10XY-2M 

70cm 

70/MBM28 
70/MBM48 
70/MBM88 
DY20-900 MHz 


144.95 

129.95 

224.95 
24995 

439.95 


70cm 

MML 432-30-L 
MML 432-50 
MML 432*100 



219.95 

229.95 

439.95 


^ 130 


$74 95 

S44 95 
64 95 
94 95 
79 95 


LOOP YAGIS 

1268-LY $49.95 

1296-LY 49 95 

1691-LY 59.95 

order loop yagi connector oxtra 


Send 66C (3 stamps) lor lull details of all our VHF & UHF equipments and KVG crystal 
products. 
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BASEBALL CAP 

How about an attractive BASEBALL style cap 
that has name and call on it It gives a 
jaunty air when worn at Mamlests and t| is 
a great help lor friends who have never 
met to spot names and calls for easy 
recognition. Great for birthdays, anniver 
saries.special days, whatever occasion 
Hats come in the following colors: 

GOLD. BLUE. RED. KELLY GREEN 
Please send call and name 
(maximum 6 tetters per line) 
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BOOKSTORE 

Greenville, NH 
03048 
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LD. BADGES 

No ham should be without an I D. badge 
It's just the thing for club meetings, 
conventions, and get-togethers, and you have a 
wide choice of colors Have your name and call en¬ 
graved in either standard or script type on 
one ol these plastic laminated ID badges 
Available in the following color combinations 
(badge/lettering) white/red. wood- 
grain/white. blue/white, while/black. 
yellow/blue, red/white. green/white, metallic 
gold/hlack. metallic sitver/black 
UIO Engraved I 0 Badge S2.50 
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fig. 9. Response of filter no. 19 with standard load and 
with amplifier as a load. 


sponse of the filter into the same load (the amplifier), 
but with a filter in which the last 33 pF capacitor was 
replaced with a series trap at 200 MHz (a 0.1 in¬ 
ductor in series with 6 pF). The response at 200 MHz, 
however, wasn't significantly affected by this "modifi¬ 
cation" to the filter, probably because the response 
was already down some 100 dB. Note that because 
of stray coupling and leakage, the practical ultimate 
stop-band attenuation will be less than 100 dB. 

The point of all this is that the response of a filter 
in a real application may differ considerably from the 
theoretical response. This program allows one to 
"measure" a real filter response in a real situation. 

It's also useful in examining various "what if" 
scenarios, in that it allows you to see what effect com¬ 
ponent tolerances have on filter response. You can ob¬ 
serve the effects of "cut and try" solutions where you 
might, for example, replace a series section with a trap 
to remove a particularly troublesome unwanted sig¬ 
nal. You can see what effect various load impedances 
have on the frequency response. 


getting the program 

Photocopies of the program listing (Turbo PASCAL), 
which is too long to reproduce here, are available from 
the author for an SASE and one IRC or a 68-cent 
Canadian stamp. Diskettes including the program 
source code and executable files are available direct¬ 
ly from the author for $15 (U.S.) or $20 (Canadian), 
on either CP/M 8-inch SSSD diskettes, Apple II 
CP/M diskettes, or in an IBM PC version on IBM PC- 
DOS diskettes. (Both an 8087 version and a non-8087 
version of the executable program are included on 
the IBM PC diskette. The 8087 version runs consider¬ 
ably faster than the non-8087 version.) 

The source code was originally written in a version 
of PASCAL called PASCAL MT + , marketed by Dig¬ 
ital Research; source code for this version of PASCAL 
is included on the diskettes. The source code alone, 
modified to be compatible with DEC PASCAL on a 
VAX, is also available as VAX files on 8-inch RX01 dis¬ 
kette format for the same price. 

The compiled and linked version of the program on 
the diskettes handles filters with up to nine legs and 
gives 50 points in the frequency response. Both these 
numbers may be changed and the program recompiled 
if necessary. The attenuation vs. frequency response 
is given in dB and the phase angles are in degrees. 

references 

1. Filter Mo. 19, Table 11, page 2-42, 1986 ARRL Handbook, American Ra 
dio Relay League, Newington, Connecticut, 1985. 

2. W. H. Hayward, W6ZOI, Introduction to Radio Frequency Design, Prentice 
Hall, 1982. 
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TECHNIQUES ffr & 


"white noise": 
technology bites back 

When I received my ham license in 
1934 ! quickly got on the air with a 
three tube receiver and a one-tube 
transmitter. The only problem was 
finding the band. It took me a week to 
make reasonably sure I was in the 
20-meter band. After much confusion, 

I finally had two pencil marks on the 
dials of my receiver and transmitter. If 
my signal seemed to be near the 
marks, there was a good chance I was 
inside the band. 

Today my transceiver reads out to 
10 Hz in its flashing digits. Quite a 
change from the dear, dead days of 
19341 But there's a price to pay for 
progress, and this price is becoming 
apparent — especially to Amateurs liv¬ 
ing in metropolitan areas where there 
are many stations per square mile. The 
price is white noise interference (phase 
noise). 

What is white noise interference? I 
can tell you this: if you have it, you 
know it! 

Just as white light is made up of 
light of many different wavelengths, 
"white noise" is made up of an infinite 
number of frequencies. Theoretically, 
white noise goes "from dc to daylight" 
with infinite amplitude. If you listen to 
it on a receiver, it covers an extremely 
wide band and sounds like a sizzling, 
frying background noise.* When it's 
relatively weak, it sounds like a steady 
hiss. For the record, the 1986 ARRL 
Handbook defines "phase noise" 
(which is a form of white noise) as 


‘On (he lower HP bands it can be easily masked by at 
mospheric noise when an antenna is connected to a 
receiver Ed. 


"residual random variation of the 
phase difference between the syn¬ 
thesizer output and a perfect sine wave 
of the same frequency." 

A representation of white noise is 
shown in fig. 1. In this hypothetical sit 
nation, the operating frequency of a 
signal is measured along the x axis 
(frequency) and signal amplitude is 
measured along the y axis. This draw 
ing is of the white noise of a represen¬ 
tative transmitter exciter having a PLL 
(phase lock-loop) frequency control 
system. 1 The desired output signal is 
the tall "spike" at the center frequen 
cy. Below the signal, and on both sides 
of it, are sidebands (the noise "ped¬ 
estal"), which gradually decrease in 
amplitude with distance from the 
desired signal. At some remote fre¬ 
quency, the noise sidebands disappear 
into the noise floor of the receiving 
system. 

Spectral impurity, or phase noise, 
can be measured with reference to the 
noise floor or to the amplitude of 
the desired signal. It is commonly 
specified in terms of strength in a given 
bandwidth, measured a certain fre 
quency from the main carrier. While 
spectral impurity is not specified for 
Amateur equipment, it is often given 
for commercial or miltary gear; the 
AN/PRC-117 transmitter, for example, 
has a noise limit of - 162 dB/Hz, 
referenced to the carrier (dBc) at fre¬ 
quencies greater than ± 10 percent 
from the carrier. 

A popular microwave signal gener 
ator has a specification or phase noise 
of greater than 185 dBc (referenced 
to carrier) at 10 kHz spacing from the 
carrier 

These specifications imply a certain 


difficulty in measurement, since the 
measuring equipment is working with 
a signal ratio of much greater than 100 
dB! Measurements of this type aren't 
done in the ham shack, or even in a 
reasonably well equipped lab! They're 
not something a ham can easily check 
out and quantify on a late Saturday 
morning when the band is dead. 

Nevertheless, white noise interfer 
ence is becoming quite bothersome in 
areas of intense ham activity, particu 
larly during contests. Unfortunately 
white noise generated in a PLL type 
exciter is passed through a linear am 
plifier and boosted along with the 
desired signal. 

on-the-air effects 

An easily recognized symptom of 
white noise is a rushing sound adjacent 
to a strong carrier. Let me give you an 
example. Test's were run between my 
station and a local Amateur, about 3 
miles away. We aimed our beams at 
each other one morning when the 
band was "flat." My friend's signal 
was 30 dB over S9 on my receiver. As 
he sent slow dashes, I tuned back and 
forth on each side of his signal. I ins 
tantly noticed a hissing sound that 
coincided with the transmitted dash¬ 
es. Five kHz off the test frequency the 
hissing dashes were S5; 10 kHz away, 
the dashes were S2; 15 kHz away, the 
dashes were just above the noise level. 
We didn't try adding the linear ample 
fier to the tests because we wanted to 
examine only the exciter. 

We now reversed the tests. My 
friend listened to my transceiver as I 
keyed it slowly. Sure enough, the 
same white noise was heard, even 
though the transmitters were of differ 
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fig. 1. “White noise" generated by PLL frequency control device. 


ent manufacture. I next cut out my ex¬ 
ternal VFO (a PLL device} and cut in 
the internal VFO, which did not use 
PLL. I could thus test one frequency 
generation scheme against another at 
the push of a button. Using the inter¬ 
nal VFO, the white noise disappeared 
immediately! My carrier was squeaky- 
clean right up to my S9 plus 30~dB sig¬ 
nal with no apparent sideband noise. 

As an afterthought, my friend 
switched on his linear amplifier and 
keyed the transmitter. Alas, the hiss¬ 
ing noise came up over an S-unit and 
was now apparent over nearly 100 kHz 
on each side of the main carrier. 

What was the culprit? Most commu¬ 
nications specialists believe the 
problem lies in the synthesizer tech¬ 
nique, but instances have occurred in 
which white noise was generated in 
the solid-state final amplifiers of some 
equipment. It could also be mixing 
noise in some of the transmitter 
stages. 

Amateurs in the western states well 
remember when a Voice of America 
transmitter operating on 21460 kHz 
switched over from crystal control to 
a frequency synthesizer. The whole 
top end of the 21-MHz band was ob¬ 
literated by white noise, which was 
reported by Amateurs in South Ameri¬ 
ca as being over S9) The problem was 
finally resolved when the synthesizer 


was removed from service. 

Talking to close friends who have 
some expertise in the subject indicates 
that transmitted white noise varies not 
only from make to make, but model to 
model, and from unit to unit of PLL- 
controlled transmitters. Thus no 
specific make or model transmitter can 
be cited as being the main cause of the 
difficulty. The problem is much more 
complex than that. 

the solution? 

The solution lies in the design of the 
synthesizer, as well as the lead dress 
and filtering. What is required is the es¬ 
tablishment of ground rules that define 
the amount of white noise acceptable 
for a given transmitted power level — 
just as in military gear. The problem of 
receiver overload seemed formidable a 
decade ago, but over the past few 
years it has been solved by the efforts 
of the equipment manufacturers. As to 
white noise, let's hope the same path 
will be followed. The first order of bus¬ 
iness is to recognize the problem; the 
next is to ascertain its magnitude. 
Does it affect only a few Amateurs? Or 
is it a more widespread problem, the 
cause of which has simply not yet 
been revealed to the general body of 
operators? I'll appreciate any com¬ 
ments that Amateurs may have 
regarding this subtle problem. 


160-meter DX season 
— back again! 

Hooray! The blasting summer stat¬ 
ic has dropped off in the Northern 
Hemisphere and Happy Days Are Here 
Again on 160 meters. Shown in fig. 2 
is a top-loaded vertical antenna used 
by some operators who are trying to 
be loud even though they live on small 
lots. In most cases, it's made of wire 
and slung between two trees. The 
40-foot vertical wire is attached to the 
midpoint of an 80-foot wire which 
serves as the top loading structure. 
The antenna is worked against ground, 
and resonated to the operating fre¬ 
quency by means of the series- 
connected rotary inductor. The feed- 
point resistance depends upon the 
ground resistance, as is the case with 
any Marconi-type antenna. With a 
ground system consisting of a ground 
rod, or connection to the cold water 
pipe system of the dwelling, plus two 
or three quarter-wave radials, the feed- 
point resistance will run about 20 
ohms. A simple L-network may be re¬ 
quired between the coax feed line and 
transmitter to drop the SWR to a low 
enough value to permit an easy match 
to today's modern solid-state 
equipment. 

With regard to the ground system 
for a 160-meter Marconi-type antenna, 
Mitch, KB6FPW, has some interesting 
experiences to relate. He erected an 
inverted-L antenna (imagine the anten¬ 
na of fig. 2 with half the top wire re¬ 
moved). The wire was cut to a total 
length of 3/8 wavelength at 1.9 MHz. 
Most of the wire was in the horizontal 
plane. 

His first rf measurements, using 
water pipe grounds, showed a feed- 
point resistance of 100 ohms. Addition 
of a 4-foot ground rod and a quarter- 
wave radial wire, wrapped around the 
perimeter of a fence and terminated in 
another 4-foot ground rod, brought 
the feedpoint resistance down to 
about 50 ohms. Mitch next added 
several extra radials of various lengths 
and a third ground rod. The feedpoint 
resistance dropped to 40 ohms. A se¬ 
cond quarter-wave radial wrapped 
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fig. 2. Compact T-antenna for 160 meter operation. 
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around the house didn't seem to make 
an appreciable difference. Mitch 
figured he had reached the point of 
diminishing returns, and there the ex¬ 
periment ended. 

Mitch says, "There is a common 
misconception about ground radials. 
It's often said that a quarter-wave radi¬ 
al looks like a low impedance at the in¬ 
put end. If a short circuit (to ground) 


was applied to the far end of the radi¬ 
al, a high impedance would be reflect¬ 
ed back to the input end. In free space 
this may be true, but when the radial 
is brought in close proximity to the 
ground, significant coupling exists — 
enough to change the character of the 
radial. Terminating a quarter-wave 
radial, laid close to the earth, with a 
ground rod at the outer end does not 


reflect a high impedance back to the 
input end. Instead, it improves the ef¬ 
ficiency of the radial and actually low¬ 
ers its impedance. 

"Electrically short radials depend 
upon proximity with the earth. I have 
performed experiments on 1750 meters 
with a 100-foot radial. When the wire 
was held clear of the ground (at about 
4 or 5 feet elevation), the radial current 
was unmeasureable with a 100-mA rf 
ammeter. As the radial was lowered to 
the earth, the radial current climbed to 
a maximum figure of 8.5 mA." 

Mitch, by the way, is conducting ex¬ 
perimental VLF transmissions using 
the identifier MEL on 170.626 kHz. 

feedback from the field? 

Great interest is expressed by new¬ 
comers to the 160-meter band: "What 
antenna should I use?" "What do the 
outstanding signals on the band use 
for antennas?" I'd like to hear from 
readers who have 160-meter antennas 
that work, and that may not be the 
common variety shown in all the hand¬ 
books. If you have an interesting an¬ 
tenna, write to me at: EIMAC, 301 
Industrial Way, San Carlos, California 
94070. Many thanks! 

references 

1. Doug DeMaw. W1FB. and Was Hayward, W720I, 
"Modern Receivers and Transceivers: Whnf Ails 
Them?,*' QST, January. 1983, page 12. 
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i Alexander Motel Fairborn 
j Belton Inn , 

I Best Western Springfield 
| Coach W Four Motel 
? Command Motel Fairborn 
j Gross Country Inn 
j Crossroads of America 
> Days Inn Dayton Mall 
j Days Inn Worth 
t Days Inn South 
1 Dayton Airport Inn 
! Daytonian Hilton 
I Eeonolodge 
I Fairborn Motel 



available at this time 


Hampton Inn (Englewood) 
Holiday Inn Wright State 
Holiday Inn Dayton Mall 
Holiday Inn Fairborn 
Holiday Inn Worth 
Holiday Inn South 
Holiday Inn Troy 
Knights Inn Franklin 
Knights Inn Dayton Worth 
Knights Inn Dayton South 
Knights Inn Vandalia 
L Sf K Motel (Brandt Pike) 
LaQuinta Inn South 
Marriott Hotel 


Motel Capri 

Penny Pincher (LSrK Troy) 
Ramada Inn Downtown 
Ramada Inn South 
Red Horse Inn 
Red Roof Inn South 
Rodeway Inn (Dayton) 
Rodeway Inn (Xenia) 

South Dayton Motel 
Traveler's Motel Worth 
Traveler's Motel South 
TraveLodge (Worth Dixie) 
York Motor Lodge Fairborn 

















microwave and 
millimeter-wave update 

Time really flies. Would you believe 
this month's column marks the begin¬ 
ning of the fourth year for "VHF/UHF 
World?" I'd like to thank those of you 
who have sent in such nice comments 
and ideas for future columns. 

When I first started this column, I 
had about 15 possible topics outlined. 
Even though three years have gone by, 
that list is as long as ever. I'm always 
looking for constructive suggestions. 
Any ideas about subjects that need to 
be addressed or amplified? Just drop 
me a note. Your letters are always ap¬ 
preciated — even if 1 don't have time 
to answer them all 

About half of last year's columns 
were primarily oriented towards micro- 
wave and millimeter-wave subjects. 
This year I expect to continue in that 
vein. I hope I can keep the column well 
enough in balance so that all readers 
will be satisfied! 

microwave and millimeter- 
wave update 

North Americans were pioneers on 
the microwave and millimeter-wave 
bands, first with pulse and then 
"polaplexers." 1 However, in recent 
years we fell behind, especially in 
respect to our European colleagues. 
Most of the activity and DX records on 
these frequencies are presently held by 
Europeans. Even the "Gunnplexers" 
manufactured in the United States are 
being used in Europe to set new world¬ 
wide DX records! 

We reviewed the general topic of 
microwaves in the January, 1986, 
column, 1 looking at available frequen¬ 
cies, DX records, microwave receivers, 
transmitters, antennas, feedlines, and 


schemes for getting on the frequencies 
above 70 cm (450 MHz). Little did I 
know that 1986 would be such an ex¬ 
plosive year for microwave and 
millimeter-wave growth in North 
America. Although none of the world¬ 
wide DX records held outside North 
America were reclaimed in 1986, many 
of the North American DX records 
were broken. 

For starters, the 33-cm (903 MHz) 
DX record was extended — but this 
was to be expected because this band 
had been available to Amateurs for less 
than a year. K3YTL and W1JR held 
the record for just under one day (June 
15, 1986); then K1WHS and K3YTL 
snatched the record! 1 expect that 
there will be several 33-cm DX exten¬ 
sions per year for the next several 
years as gear improves and activity in¬ 
creases. 

The North American 23-cm (1296 
MHz) tropo DX record was broken this 
past summer when KH6HME and 
WB6NMT spanned the Pacific. This 
record still stands worldwide and will 
be very difficult to extend much 
further! 

Soon after the DX records were 
published in the January, 1986 
column, the 13-cm (2304 MHz) North 
American tropo DX record was broken 
when W40DW and WB5LUA caught 
one of those great openings that oc¬ 
cur in the Gulf area early each year. 
They extended this DX record by 
about 40 miles. 

The North Texas Microwave Socie¬ 
ty, after a real onslaught on the 13-cm 
band in 1985, decided to push higher 
in 1986 and challenge the 16-year DX 
record on the 9-cm (3456 MHz) band. 
It didn't take them very long; less than 
three months after they activated this 


band, one of the longest-standing 
North American DX records fell when 
WA5TNY/5 (portable) worked 
W7CNK/5, a fixed station in Oklaho¬ 
ma City, Oklahoma, for a new North 
American DX record of 221 miles. The 
QSO first took place on cw and then 
on two-way SSB. 

The 6~cm (5650 MH 2 ) North Ameri¬ 
can DX record is now under fire by a 
hotbed of activity centered in north¬ 
eastern Oklahoma. It looks as if this 
9-year old DX record will soon be 
broken. Some one-way contacts have 
already exceeded the present 267-mile 
DX record on this band. 

Finally, in the Pacific northwest, one 
of the first regions of the world to de¬ 
velop microwave activity and set DX 
records, the 12-mm (24 GHz) North 
American DX record has recently been 
extended by over 50 percent to 115 
miles by WA3RMX/7 and WB7UNU/7. 
This record is rather unusual in that it 
was accomplished not only with very 
low power (20 milliwatts maximum), 
but with narrowband modulation. First 
the record was set on cw and then 
continued using two-way SSB — 
perhaps the highest frequency where 
two-way SSB communications has 
ever been used by Amateurs, and 
perhaps even commercial interests as 
well. 

Yes, 1986 was an exciting year for 
microwave and millimeter-wave activi¬ 
ty, especially in North America. At 
long last it looks as if North Americans 
are again going to be in the forefront 
of activity and development on one of 
our highest frequency allocations. 

To show the latest North American 
and worldwide VHF and above DX 
records. I've revised the tables pub¬ 
lished in references 1 and 2. Table 1 
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1. This table shows the latest claimed North American DX records on the frequencies 
above 6 meters. Note that the records are shown alphabetically by propagation modes. 
(Updated October 12, 1986.) 


Frequency 

Record 

Date 

Prop. Mode 


DX 

50 MHz 

Note 2 



miles 

(km) 

144 MHz 

KA1ZE-WB0DRL 

86-02-08 

Aurora 

1347 

(2167) 


KH6GRU-WA6JRA 

73-07-29 

Ducting 

2591 

(4169) 


VE1UT-VK5MC 

84 04-07 

EME 

10,985 

(17676) 


W4EQR-W7HAH 

81-07-09 

Es 

1881 

(3027) 


W5HUG/4 W5UN 

83-07-25 

FAI 

1229 

(1977) 


K5UR-KP4EKG 

85-12-13 

MS 

1960 

(3153) 


KP4EOR-LU5DJZ 

78-02-12 

TE 

3933 

(6328) 


K1RJH-K5WXZ 

68 10-08 

Tropo 

1465 

(2358) 

220 MHz 

W3IY/4-WB5LUA 

82 07-14 

Aurora 

1145 

(1842) 


KH6UK W6NLZ 

59-06-22 

Ducting 

2550 

(4087) 


K1WHS-KH6BFZ 

83 11 17 

EME 

5058 

(8139) 


K1WHS-KOALL 

85-08-12 

MS 

1274 

(2049) 


KP4EOR-LU7DJZ 

83-03-09 

TE 

3670 

(5906) 


VE3EMS-WB5LUA 

82 09-28 

Tropo 

1181 

(1901) 

432 MHz 

W3IP WB5LUA 

86-02-08 

Aurora 

1182 

(1901) 


KD6R-KH6IAA/P 

80-07-28 

Ducting 

2550 

(4103) 


K2UYH-VK6ZT 

83-01-29 

EME 

11,567 

(18612) 


W2AZL W0LER 

72-08-12 

MS 

1020 

(1641) 


WA2LTM WB5LUA 

79-09-10 

Tropo 

1310 

(2108) 

903 MHz 

K1WHS-K3YTL 

86-06-16 

Tropo 

310 

(498) 

1296 MHz 

KH6HME WB6NMT 

86-08-13 

Ducting 

2528 

(4068) 


K2UYH-VK5MC 

81-12 06 

EME 

10,562 

(16995) 


W4WSR WA5TKU 

85-06-03 

Tropo 

1112 

(1790) 

2304 MHz 

PA0SSB W6YFK 

81 04-05 

EME 

5491 

(8836) 


W40DW WB5LUA 

86-02-20 

Tropo 

628 

(1003) 

3456 MHz 

WA5TNY/5 W7CNK/5 

86-08-03 

Tropo 

222 

(357) 

5760 MHz 

K5FUD K5PJR 

77-09 20 

Tropo 

267 

(430) 

10.368 GHz 

WA4GHK/4-WD4NGG 

84 08 07 

Ducting 

297 

(478) 


W7JIP/7-W7LHL/7 

60-07-31 

LOS 

265 

(426) 

24.192 GHz 

WA3RMX/7-WB7UNU/7 

86 08-23 

LOS 

115.5 

(186) 

48 GHz 

W2SZ/1-WA2AAU/1 

84-09 08 

LOS 

0.3 

(0.5) 

76-149 GHz 

None reported 





474 THz 

K6MEP WA6EJO 

79 06 09 

LOS 

15 

(24) 


Note 1. The records are listed alphabetically by mode. Ducting is suspected where the path is 
mostly over water. No efforts are made to separate out ducting on overland paths so they're 
grouped under tropo. 

Note 2. Six meter records were left off since the primary mode is often hard to distinguish. Also 
long-path QSOs have been reported during solar cycles 19 and 21 which exceed 12433 miles (20004 
km). 


shows the latest North American DX 
records on the bands above 50 MHz. 
Table 2 shows the equivalent updat¬ 
ed worldwide DX records. Table 3 
shows the worldwide EME DX records. 
Will the data in Table 1 become ob¬ 


solete before the end of 1987? I'll bet 
on it! 

why the increased activity? 

1986 was a banner year for the 
microwave and millimeter-wave bands 


primarily because North American 
microwave enthusiasts gathered to¬ 
gether, organizing societies and con¬ 
ferences and pooling their interests 
and resources. New DX records were 
also on their minds. Until recently, the 
modulation for most North American 
microwave and millimeter-wave oper¬ 
ation was fm or cw using a keyed 
multiplier chain. Fm requires a good 
signal-to-noise ratio and moderate to 
wide bandwidth. Keyed multipliers ar¬ 
en't always that stable, especially if 
operated in remote locations such as 
mountaintops. 

For reliable communications, and 
especially DX, you need good frequen¬ 
cy stability in the transmitter as well as 
in the receiver. Narrow bandwidth 
modulations such as cw and SSB are 
preferred. Also important are low noise 
figure receivers, reasonable transmit¬ 
ted output power, moderate- to high- 
gain low-noise antennas, and low in¬ 
sertion loss feedlines. All these factors 
had to be addressed if real progress 
was to be forthcoming. 

The same Amateurs who recently 
activated the microwave bands were 
also spurred on by the desire to use 
some of the new state-of-the-art tech¬ 
nology that has recently become so af 
fordable. After designing and building 
this new equipment, they organized 
mobile stations to travel to DX loca¬ 
tions and to aid in activating new 
"grids" for the ARRL VUCC 
(VHF/UHF Century Club) award. 

equipment considerations 

|f you want to take advantage of cw 
and SSB with its improved higher 
signal-to-noise ratio, you must pay 
close attention to frequency stability. 
Receiver/transmitter frequency stabil¬ 
ity objectives can best be met on the 
microwave/millimeter-wave bands by 
using solid-state up/down converters 
or transverters. 

Many homebrew as well as com¬ 
mercial designs are now on the mar¬ 
ket. Modern solid-state transceivers 
are now available through 1300 MHz 
and are often used as the transmit/re¬ 
ceive i-f for these same convert- 
ers/transverters. The combination of 
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2. This table shows the latest claimed worldwide terrestrial DX records for the Ama¬ 
teur bands above 6 meters. 


Frequency 

50 M Hz 

Record Holder 

Note 1. 

Date/OSO 

Prop.Mode 

miles 

DX 

(km) 

70 MHz 

GW4ASR/P-5B4CY 

81*06-07 

Es 

2153 

(3465) 

144 MHz 

I4EAT-ZS3B 

79-03-30 

TE 

4884 

(7860) 

220 MHz 

KP4EORLU7DJZ 

83-03 09 

TE 

3670 

(5906) 

432 MHz 

KD6R-KH6IAA/P 

80-07-28 

Tropo duel 

2550 

(4103) 

903 MHz 

K1WHSK3YTL 

86-06-16 

Tropo 

310 

(498) 

1296 MHz 

KH6HME WB6NMT 

86-08-13 

Tropo duet 

2528 

(4068) 

2304 MHz 

VK5QR VK6WG/P 

78-02 17 

Tropo duct 

1170 

(1883) 

3456 MHz 

VK5QR-VK6WG 

86-01-25 

ducting 

1171 

(1885) 

5760 MHz 

G3ZEZ-SM6HYG 

83-07-12 

ducting 

610 

(981) 

10 GHz 

I0SNY/ EA9-IQYLI/IE9 

83-07-08 

ducting 

1032 

(1660) 

24 GHz 

I3SOY/3, IW3EHQ/3- 
I4BER/6,14CHY/6 

84-04-25 

LOS 

180 

(289) 

47 GHz 

HB9AMH/P-H89MJN/P 

85-01-13 

LOS 

31.7 

(51) 

75 GHz 

HB9AGE/P-HB9MIN/P 

85*12-30 

LOS 

0.3 

(0.5) 

474 THz 

Note: 

K6MEP-WA6EJO 

79-06-09 

LOS 

15 

♦ 

(24) 


1. Six meters has been left blank on this listing because long-path QSOs (those exceeding 12440 miles 
or 20016 km) have been reported during solar cycles 19 and 21, 


3. This table shows the latest claimed worldwide EME DX records. 


Band 

Record Holder 

Date/QSO 

Prop.Mode 


DX 





miles 

(km) 

50 MHz 

K6MYC-K8MMM 

84 07 24 

EME 

2127 

(3422) 

144 MHz 

K6MYC/KH6 ZS6ALE 

83-02-18 

EME 

12088 

(19450) 

220 MHz 

K1WHS-KH6BFZ 

83 11-17 

EME 

5058 

(8139) 

432 MHz 

F9FT-ZL3AAD 

80-04-18 

EME 

11679 

(18793) 

903 MHz 

none reported 





1296 MHz 

PA0SSB ZL3AAD 

83 06 13 

EME 

11595 

(18657) 

2304 MHz 

PA0SSB W6YFK 

81 04-05 

EME 

5491 

(8836) 

3300 MHz and above: None reported. 






a stable solid-state converter/trans- 
verter and i-f will produce stable oper¬ 
ation on CW and SSB. It also permits 
moderate to narrow i-f bandwidth and 
its commensurately better signal-to- 
noise ratio is especially desirable for 
receiving weak signals. Finally, this 
combination will usually be more relia¬ 
ble and small to moderate in size, mak¬ 
ing it a good choice for portable 
operations, especially from high eleva¬ 
tions free of local obstructions. 

conversion schemes 

Before you start to design and build 
microwave and millimeter-wave gear 
— especially if you want to advance 
the state of the art — you should first 
develop an overall plan of attack. Fore¬ 
most in that plan is choosing the fre¬ 
quency conversion scheme, which is 
very important because it affects cost, 


complexity, performance, and future 
flexibility. 

The first step is to identify the gener¬ 
ally accepted weak-signal microwave 
operating frequencies. Those for 13-cm 
and above were set up many years ago 
as multiples of 1152 MHz, as discussed 
in reference 1. These frequencies, as 
well as the generally accepted frequen¬ 
cies on the lower microwave bands, 
are shown in table 4. 

Note that since the microwave fre¬ 
quency plans were originally estab¬ 
lished, some slight modifications have 
been made to accommodate EME. 
EME operation is now centered around 
this frequency with a guard band of at 
least ±50 kHz. In North America it is 
now standard operating practice to use 
the frequency 100 kHz above the old 
operating or EME frequency for the 
terrestrial cw/SSB calling as shown on 



The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks tor 1987. 

The North American Callbook lists the calls, 
names, and address information for licensed 
amateurs in ail countries from Canada to 
Panama Including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S. possessions. 

The International Callbook lists the 
amateurs In countries outside North 
America. Coverage includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement is a new idea 
in Callbook updates; It lists the activity In 
both the North American and International 
Callbooks. Published June 1, 1987, this 
Supplement will include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
| December 1, 1986. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 

incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.60 

n international Callbook 
incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.60 

□ Callbook Supplement, published June 1st 

incl. shipping within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

incl. shipping within USA $53.00 

incl. shipping to foreign countries 63.00 

* • ***■*♦*-*■*'*•* 

Illinois residents please add 6>/*% tax. 

All payments must be in U.S. funds. 
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MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 



WITH TEC-200 FILM 

JUST 3 EASY STEPS: 

• Copy circuit on TEC-200 film using 
any plain paper copier 

• Iron lilm on to copper clad board 

• Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8Vt x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 

add SI 00 postage NYics add sales Mx 

The MEADOWLAKE Corp. 

Depi. S. P.G. Box 497 ^ 146 

Norlhport, New York 11768 


SYNTHESIZED 

SIGNAL GENERATOR 


MODEL 
SG-100F 
$429.95 
delivered 

• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy +/- 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out¬ 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc # V 2 Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu¬ 
tion, AM, and a precision 120 dB attenuator 

• Cali or write for details • Phone in your 
order for fast COD shipment. 

^ 147 

VANGUARD LABS 

196-23 Jamaica Ave., Hollis, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 



ALL BAND TRAP 
VERTICAL ANTENNAS! 


FULL WAVE - All Bamii! Automatic Selection with 

proYf n Hi-Q T " Model*-ALL lelt luptio'ttngf - Ground 

Of root mount H» STRENGTH FIBERGLASS TUBING 
OVER -ALL NO WOBBLY. LUMPY TRAPS - NO UN¬ 
SIGHTLY CLAMPS needed - Sice I 1/4" all the way up . 
Trap* hwfrier» Httkft You can tr*e ft in a f ft ta Backyard* 
FOR APARTMENTS, MOBILE HOMES - CONDOS etc 
where minimum space and neat appearenee is MAND¬ 
ATORY! Instant "Drive In”ground mount (included) Use with 
or without radiate (included) (All angle rout »» jnt - Extra) 
COMPLETELY PRETUNED-NO ADJUSTMENTS NEED¬ 
ED EVER! NO TUNER NEEDED FOR MOST TRANS¬ 
CEIVERS! Use - RGQU fredtine, any length f 2000 Watt 
PEP input power Shipped - PREPAID IN USA Axxemblci 
in lO min utmo only »crewdri»er WEATHERPROOF) 

No - AVTBO-IO —— ft Band- 2S'€>-StU'r 95 

No - AVT 40-10- 4 Band- (BIT -$HK>95 

N«i - AVT 20-10- U Band- 114 -SfCKi 9 5 

Nil -AVT I)IJ»IO VV —li B.ind- „V - $200 US 

No - AVT 4U-IUW — T Band- »£•(*’-$26995 

SEND FULL PRICE FOR PP DEL IN USA (Canada IS 
$10 DO extra fur postage^ clerical, Cudimu lor order uting 
VISA, MASTER CARD nr AMER-EXP Ph 1-300- 
230*0333 BAM-6PM weeiitay* We *h<(> In 2-3 



days Ad Antertnns Guaranteed !t>r 1 year 
•mjuey bat* tn*i Free Ini 

WESTERN ELECTRONICS 
Dept AH Kearney Nr 


- 10 day 
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4. Typical North American weak-signal microwave operating and catling frequencies 
for EME and terrestrial operation. 


Band 

EME center 

Weak signal calling 

(cm) 

frequency (MHz) 

frequency (MHz) 

33 

903.0 

903.1 

23 

1296.0 

1296.1 

13 

2304.0 

2304.1 

9 

3456.0 

3456.1 

6 

5760.0 

5760.1 

3 

10368.0 

10368.1 




table 4. Calling frequencies are great 
for finding activity, especially in areas 
where activity is low. 

Next, if possible, choose a conver¬ 
sion scheme that will allow at least 
15-20 dB of image rejection with sim¬ 
ple filtering. If a low-frequency i-f is 
chosen (for example, 28 or 50 MHz), 
the rf filtering ahead of the first mixer 
will be more stringent, since the image 
frequency will be close to the rf fre¬ 
quency. This usually requires a narrow 
bandwidth filter, possibly with more 
than one pole. This type of bandpass 
filter is often more difficult to tune and 
may have higher insertion loss than a 
simple one-pole type. 

Different i-f and LO (local oscillator) 
schemes are in use on the microwave 
bands, as discussed in reference 1. 
Nowadays a 2-meter i-f is most popu¬ 
lar for the 23- and 13-cm bands. There¬ 
fore, an 1152- and 2160-MHz LO would 
be required for 1296- and 2304-MHz 
transverter operation, respectively, as 
shown in figs. 1A and IB. 

Interestingly enough, if you use 
these schemes, you can get on 3456 
MHz almost for free. Simply mix the 
output of your 1296-MHz transmitter 
with the 2160-MHz LO and voila! — 
you have 3456 MHz, as shown in fig. 
1C. This is the scheme used by many 
of the operators now on 9 cm. 3 

If you use this scheme and a TVRO- 
type (3.7-4.2 GHz) preamplifier, you 
get sufficient image and LO rejection 
for free. This is true because the im¬ 
age frequency is 864 MHz and the LO 
is 2160 MHz, well below the cutoff fre¬ 
quency of the waveguide typically 
used on TVRO-type preamplifiers. 

Paul Shuch, N6TX, recently extend¬ 
ed this technique to the 6- and 3-cm 


(10,368 MHz) bands, 4 His approach is 
more or less an offshoot of the 
1152-MHz multiplier scheme described 
in reference 1. 

Basically it goes like this. If you mul¬ 
tiply the 1152-MHz LO three times and 
mix it with 2304 MHz, you get 5760 
MHz (fig. ID). Now if you also multi¬ 
ply the same 1152-MHz LO seven 
times and mix it with 2304 MHz, you 
get 10,368 MHz (fig. IE). 

Furthermore, if you don't care about 
the lower microwave bands, just mul¬ 
tiply the 1152-MHz LO seven times and 
mix it with 2304 MHz. You'll get both 
5760 and 10,368 MHz from a typical 
mixer. If an image rejection mixer is 
used, you'll have instant separation of 
the two desired outputs (fig. 1F). S 

These conversion techniques all 
have their advantages and disadvan¬ 
tages, depending on the bands you 
want to work and the gear you have. 
If the frequencies specified in table 4 
are maintained, fewer LOs will be re¬ 
quired to get on the microwave bands. 
This is significant because frequency 
instability is one of the biggest impedi¬ 
ments to reliable microwave and 
millimeter-wave communications. 

For over a decade 3-cm ("X" band) 
GunnPlexers have been in use. Various 
i-fs (such as 30, 50, and 88-108 MHz) 
have been used. The majority of sta¬ 
tions in North America now seem to 
favor 30 MHz. The two most popular 
frequencies chosen for this scheme are 
10,250 and 10,280 MHz, well away 
from the weak-signal calling fre¬ 
quency. 

mixer design 

Anyone familiar with my designs is 
well aware of how much I favor the 
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fig. 1. These are some of the popular or recommended conversion schemes for get¬ 
ting on the Amateur microwave bands. In all cases, the frequencies shown will place 
you near the most common operating frequencies listed in table 4. (See text for expla¬ 
nation of figs. 1A through IF.) 


use of DBMs (double-balanced mixers) 
for up/down converters. 6 I feel even 
more strongly that, if available, they 
should be used in the microwave re¬ 
gion. DBMs have fewer spurious out¬ 
puts and usually are matched to 50 
ohms at all ports, so they're easy to 
use with standard 50-ohm filters and 
amplifiers. 

Many suppliers manufacture DBMs 
for the VHF/UHF bands, but the 
choices narrow as you go above 1 
GHz, especially if price is any consider¬ 
ation — as it always is for us 
Amateurs! Once again, we're helped 
by the TVRO business, which has 
generated some reasonably priced 
DBMs that cover both the 9- and 
13-cm bands. 

Table 5 shows typical specifications 
of some reasonably priced (less than 
$100) DBMs that are usable through 
4.2 GHz. Be careful in your selection, 
because the upper limit of the i f is not 
always high enough for some of the 
higher i-f conversion schemes just dis¬ 
cussed. 

Until moderately priced DBMs are 
available above 4.2 GHz, Amateurs will 
probably have to use single-balanced 
or single-ended mixers for the upper 
microwave and millimeter-wave bands. 
At 3 cm and above, waveguide mixers 
are readily available on the surplus 
market. Even some of the police radar 
detection mixers may be adaptable to 
Amateur operation. 

Finally, don't overlook GaAsFETs as 
mixers. They may be more difficult to 
use than DBMs and may require addi¬ 
tional filtering or tuning, but they can 
be much less expensive than DBMs, 
Single-gate GaAsFETs are usable, but 
the dual-gate types are a natural for 
mixers because the LO can be inject¬ 
ed directly into the second gate. Fur¬ 
thermore, GaAsFET mixers often have 
conversion gain and hence require less 
follow on gain, an especially important 
consideration in transmitter appli¬ 
cations. 

local oscillators 

Local oscillators are a subject unto 
themselves. Many circuits have been 
published; the most successful ones 
used on the microwave bands have 


been those that started with a fifth 
or seventh overtone crystal oscillator 
operating in the 90-125 MHz region fol¬ 
lowed by a transistor multiplier. 66 

Often a 96-MHz oscillator is multi¬ 
plied 12 times to 1152 MHz as just dis¬ 
cussed. Transistor or diode multipliers 
can be used if a high frequency (for ex¬ 
ample, 2160 MHz) is desired. 78 For 
the most critical applications, especial¬ 
ly for the upper microwave and 
millimeter-wave bands, oven-stabilized 
oscillators may be preferred. 

Recently several packaged oscilla¬ 
tor/multipliers appeared on the surplus 
market; often they can be retuned to 
the Amateur bands. Some even use in¬ 
ternal phase-locked oscillators. Several 


commercial sources are now available 
to the Amateur (more on this later), so 
I won't dwell on this subject at this 
time. 

low-noise preamplifiers 

Only a decade ago receivers using 
crystal mixers in the front end were in 
common use. They still are used today 
in GunnPlexers. Receivers with a mix¬ 
er as the first active stage frequently 
have noise figures of 8-10 dB or even 
higher! 

If you want to take advantage of cw 
and SSB communications, you should 
design your receiver accordingly. Low 
noise figure preamplifiers and designs 
are now quite plentiful, especially since 
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Table 5: Some recommended “standard level" (5 milliwatts LO) DBMs that will work 
on the microwave frequencies and cost less than $100.00. 

Part No. 

Supplier 

rf/LO freq 
GHz 

i f freq 
GHz 

Conv.ioss 

typ.dB 

Price 

ea. 

Notes 

DBM 500 

Vari-L 

Company 

1.7 4.2 

DC-1.5 

7.5 

95.00 

w/SMA 

connectors 

DBM 1120 

Vari-L 

Company 

12 

DC-0.8 

5 

85.00 

w/SMA 

connectors 

PAM-42 

Mini 

Circuits 

2 4.2 

DC 1 3 

7 8 

26.95 

module 

SRA 5 

Mini 

Circuits 

.05 1.5 

DC 0.6 

7 8 

21.95 

relay 

can 

2 AM-42 

Mini 

Circuits 

1.5-4.2 

DC-0.5 

7 8 

39.95 

w/SMA 

connectors 

ZFM-4212 

Mini 

Circuits 

2 4 2 

DC 13 

7-8 

39.95 

w/SMA 

connectors 


MOSLEY...A Better Antenna... 

For New and Old 

•EAST ASSEMBLY *2 YEAR WARRANTY 


•NO MEASURING 'LOW SWR 

•ALL STAINLESS HARDWARE *BUILT TO LAST 



Whether you are just starting out or trying to 
complete the Honor Roll. Mosley otters a Full 
Line ol Tn-Banders which will mechanically and 
electronically outperlorm the competition For 
the new ham with limited space and pocket 
book, start with our TA-31 Jr rotatable dipole 
You can make our TA-31 Jr into a 2 or 3 element 
as your needs increase 

It you start with the need to run higher power, 
then the TA-31 is for you. This also can be made 
into a 2 or 3 element beam as you expand your 
station._ 



For the ham that wants a little more performance 
out o( a Tri-Bander but is limited in room, then 
our CL-33 on a 18 foot boom is the way to go 
For those that want MONO BAND performance 
out of a Iri-Bander. want to hear better, and be 
louder, the CL-36ns tor you. 



For the ham that wants to start right at the top, 
the PRO-57 is the antenna that will give you king 
ol the hill performance. It is the broadest banded, 
highest power best performing Multi-Bander in 
our line. PRO-57: {10,12,15,18,20) also availa¬ 
ble: PRO-67 (10, 12, 15, 18, 20 4 40) 

Compare ours before buying any other antenna 
AH stainless standard, alt heavy telescoping 
aluminum elements which means better quality 
and no measurement. Ease ol assembly gives 
you a quality antenna with consistent perfor¬ 
mance . Our elements are pre-drifled so you will 
get the same performance as we do All of our 
Tri-Banders come with a 2 year warranty 

It you are a new ham and are not familiar with 
MOSLEY ask an older ham about us or call the 
PRESIDENT of MOSLEY He will be glad to ex¬ 
plain why MOSLEY is A BETTER ANTENNA 

These and other MOSLEY products are available 
through your favorite DEALER Or write or call 
MOSLEY lor the DEALER nearest you 



1344 BAUR BlVO ST LOUIS MISSOURI 63132 


1-314-994- 7872 1-800-325-4016 


low-cost GaAsFETs became available. 9 
Low-cost GaAsFETs can now yield 
noise figures under 2 dB through 25 
GHz, which is more than sufficient for 
terrestrial communications! 

TVRO preamplifiers without modifi¬ 
cations seem to work quite well on the 

9- cm Amateur band and deliver 40-55 
dB of gain with a typical noise figure 
of 1.5 dB. All they require is a 
waveguide to-coax transition on the 
input and dc power applied directly to 
the unit or through the feedline if so 
configured. They're often available at 
flea markets for less than $30! 

transmitter amplifiers 

CW or SSB with narrow bandwidth 
i-fs and good frequency stability make 
microwave and millimeter-wave DX 
very feasible using low power (less 
than 1 watt), as discussed previously. 
The use of a low-level upconverter 
with a DBM is becoming very popular 
even in the microwave region. 10 The rf 
output power available from a "stan¬ 
dard" level DBM is typically in the 

10- 100 /iwatt region. Therefore, this 
approach normally requires 25-50 dB 
of gain to reach a reasonable transmit¬ 
ter output power level. 

Inexpensive gain (at $2 4 per device) 
is now readily attainable by the use of 
MMICs (monolithic microwave inte¬ 
grated circuits). Many devices are 
available up through at least 6 GHz, 
with output powers approaching 100 
milliwatts. 711 The MMIC will probably 
be the workhorse for power levels be¬ 


low 100 milliwatts. 

GaAsFETs are particularly attractive 
for transmitter applications since 
they're low in cost and have high gain. 
Even the small-signal types can usual 
ly deliver 10-100 milliwatts of output 
power. 

Microwave class C power bipolar 

transistors and GaAsFETs. especially 

the "internally" matched types are 
also usable, especially if only cw oper¬ 
ation is contemplated. They are less 
costly than linear types with higher 
power levels (5 to 10 watts or more). 

Linear types of bipolar and GaAs¬ 
FETs that can deliver 2 to 5 watts are 
also available. These devices are ex¬ 
pensive ($100 to $300), but offer con¬ 
siderable performance and size advan¬ 
tages when compared to convention¬ 
al power generation techniques. Prices 
of these devices are constantly 
dropping. 

One of the real sleeper bargains is 
the TWT (Traveling Wave Tube). Ex¬ 
pensive only if it's purchased new, 
it provides very high gain (typically 
25-40 dB), usually over an octave of 
bandwidth into 50 ohms without ex 
ternal tuning! Two-to 4-GHz TWTs are 
quite common and cover two Amateur 
microwave bands for the price of one' 

Available through 25 GHz and usu¬ 
ally moderate in size (typically only 6 
to 12 inches long), TWTs are general 
ly linear amplifiers. Transmitter-type 
TWTs that deliver up to 100 watts of 
output power at 10 GHz are also 
available! 
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TWTs do require several different 
voltages, often up to or above 1000 
volts, with a positive ground. They can 
be used for portable operation if 115 
VAC is available either locally or from 
a small gasoline generator or a dc-to- 
ac inverter. 

Don't overlook receiver-type TWTs, 
which also have high gain and typically 
deliver 1-10 milliwatts of maximum 
output power, more than adequate for 
low-power operation. However, 
they're not recommended for front 
ends on receivers because they usual¬ 
ly have 5-10 dB noise figures. 

TWTs have been used in satellites 
and point-to-point microwave links for 
many years. However, the trend is to 
use solid-state amplifiers because they 
require only a few low voltages and are 
very compact. Furthermore, some of 
the TWTs used by telephone compa¬ 
nies are being replaced by solid-state- 
amplifiers. As a result, TWTs are find¬ 
ing their way into the Amateur surplus 
market, especially for the 6- and 9-cm 
Amateur bands. 

Below 3.5 GHz, the ubiquitous 
2C39/7289 vacuum tube family is still 
usable. Twenty-five to 50 watts output 
per tube has been reported on 13 cm. 
Power klystrons that deliver hundreds 
of watts are also available for the 
microwave frequencies if you're for¬ 
tunate enough to locate them, but 
that's another ball game. 

antennas and transmission 
lines 

Antenna designs have also come a 
long way in recent years. The principal 
workhorse of the microwave bands is 
the parabolic dish, although the loop 
Yagi has been used as high as 10 
GHz. 121314 

The real bargains are the used or 
surplus UHF TV and TVRO dishes. 
Channel Master makes a 7-foot UHF 
TV dish which, when covered with 
proper screening, works well up 
through 13 cm. 1315 

Feeding dishes isn't too complicated 
for terrestrial work. Two 3-pound cof¬ 
fee cans soldered together using a 
quarter-wave probe works well at 
23 cm. 15 A similar arrangement using 


a one-pound coffee can will cover 
13-cm 15 while a Campbell's soup can 
makes a good feed on 9 cm. 7 

Recently scalar feeds such as the 
TVRO "Chaparral"™ type are being 
used. They seem to work well on the 
lower F/D (0.35-0.4) dishes. 1213 
When this feed is used on the larger 
diameter (6 foot minimum) dishes on 
the 9-cm Amateur band, the overall 
gain seems to be very near the expect¬ 
ed value. 

Feedlines are always a problem on 
the microwave bands. Low dielectric 
foam or air dielectric Heliax™ used in 
the shortest possible length are recom¬ 
mended. 16 The popular trend on the 

microwave bands is to use antenna- 

*■ 

mounted preamplifiers and to locate 
the transmitter as close to the anten¬ 
na feed as possible. This is increasingly 
more feasible when solid-state devices 
are used in the transmitter. Low-loss 
waveguide feedline is recommended 
on 10 GHz and above. 

commercial gear 

As previously mentioned, there are 
now commercial converters, transvert- 
ers, and LOs available for all the Ama¬ 
teur bands through 13 cm. SSB 
Electronics uses a very interesting 
packaging concept. Each of their sub¬ 
systems is a separate module. For in¬ 
stance, for a transverter you buy a 
separate LO with dual outputs, receive 
downconverter, and transmit upcon- 
verter. The LO for a 13-cm setup is a 
compact unit that puts out a stable 3-5 
milliwatts of power at 2160 MHz for 
about $100. This unit can be adapted 
to the 9-cm scheme mentioned earlier. 

Recently SSB Electronics an¬ 
nounced a 3-cm (10,368 MHz) trans¬ 
verter that sports a 2.5-dB maximum 
receiver noise figure and over 150 mil¬ 
liwatts of output on CW or SSB. A 
144-MHz i-f is used. The filtering re¬ 
quired is obtained by the use of sever¬ 
al dielectric resonators that have very 
high Q and low insertion loss. At less 
than $500 for the basic transverter, this 
should be a natural for weak-signal 
"X" band enthusiasts. 

"Transverters Unlimited, Hans Peters, VE3CRU, Box 
6286 Station A, Toronto, Ontario, Canada IVI5W 1P3. 


propagation 

This subject was discussed in detail 
earlier. 217 It's quite obvious from the 
details already discussed on new North 
American DX records that the micro- 
wave and millimeter-wave Amateur 
enthusiasts are taking advantage of 
many of the radio propagation oppor¬ 
tunities available to them. Once again 
this proves that these are very worth¬ 
while frequencies, quite capable of 
supporting radio propagation well be¬ 
yond the line of sight! 

summary 

This month's column was primarily 
aimed at updating all the recent hap¬ 
penings on the microwave and milli¬ 
meter-wave bands and in particular the 
recent record breaking DX contacts. 
It's great to see such activity and ad¬ 
vancement of the state of the art. 

Some of the latest techniques and 
devices that are presently being used 
were also discussed. It's good to see 
that Amateurs are really taking advan¬ 
tage of the new low- to moderately- 
priced solid-state devices, and nice to 
see Amateurs benefit from the UHF 
and TVRO businesses. It's no longer 
very difficult to build or operate gear 
on our highest Amateur bands. 

Important VHF/UHE Events: 

January 3: Predicted peak of the Quad¬ 
rant ids Meteor Shower at 

1830 UTC. 

January 10-12: ARRL VHP Sweepstakes 

Contest 

January 28: EME perigee 

February 25: EME perigee 
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Portable radios can be a 
trade-off. In return for mobility 
you get loss of performance. 

Well now you can cut your 
losses significantly. All you 
need is the new Larsen UHF 
KuLDUCKIE® KD14-HW 
half-wave antenna? It’s a 
mouthful but it’ll do your ears 
a lot of good. 

Because it’s half-wave, the 
KD14-HW is fully resonant 
despite the poor ground 
plane portables are faced 
with, under ideal ground 
plane conditions, it delivers 
performance equal to a full 
quarter-wave. And that’s a 
powerful improvement over 
most portable antennas! 


And because it is inherently 
resonant, the KD14-HW can 
also be easily remoied with a 
length of coax. 

The KD14’s flexible, easy- 
to-get-along-with radiating 
element measures a scant 12 
inches. At the base is a 3 ] A 
inch impedance transformer 
that gives added strength. 

The KD14 half-wave series 
is also available in a collapsa¬ 
ble 2-meter version. 

Cut your losses and 
improve your gain when 
you operate with the new 
Larsen UHF KuLDUCKIE® 
KD14-HW, with no-nonsense 
warranty. You can see it at 
your favorite amateur dealer. 

*For units with BNC output. 
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v: Larsen flntennas 

The Amateur’s Professional" 
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NE5205 wideband 
amplifier 

There is an error in Mike Gruchalla's 
article, "NE5205 Wideband Amplifier" 
{September, 1986, page 30). In the last 
few sentences of the section on per¬ 
formance (page 38), the 20-dB return 
loss is stated as being related to an 
impedance within 0.5 ohm of 50 ohms. 
This is incorrect. The port-one im¬ 
pedance Z] is given in terms of the 
S-parameter by: 

^ ^ (I + Sji) 

1 " ft - S,,) 

The display of S-n in dB indicates the 
magnitude of the ratio of the reflected 
power from and the incident power to 
port 1. That ratio is equal to the mag¬ 
nitude of S 11 squared. A 20-dB return 
loss is a power ratio of 1/100, which 
implies that the magnitude of is 
0.1. The two value extremes that will 
result in real (i.e., non-complex) values 
for load impedance are +0.1 and 
-0.1. Using the equation above and 
a 50-ohm characteristic impedance, 
the impedance corresponding to a 
return loss of 20 dB could be as high 
as 1.22 Zq, or 61 ohms, and as low as 
0.82 Zq, or 41 ohms. So, the 20-dB 
return loss represents a port impedance 
within about 10 ohms of 50 ohms, and 
not 0.5 ohms as stated in the article. 
(TNX W3NQN - Ed.) 






a deluxe logic probe 


Accurate logic probe 
detects high frequencies 

and pulses 

Plenty of good logic probe circuits have already 
been described in print. Unfortunately, a review of 
their schematics shows that each lacks something — 
either speed, accuracy, flexibility, or protective 
devices. Increasing use of microprocessors, PLL syn¬ 
thesizers and digital signal processing circuitry makes 
the need for an improved probe obvious. 

The logic probe shown in fig. 1 represents an at¬ 
tempt to overcome problems with existing circuits and 
produce a device which is simple in design and easy 
to construct, yet powerful and inexpensive. 

circuit description 

To protect the probe from an accidental reverse volt¬ 
age connection, a diode is included in series with the 
power supply (fig. 2). The 1N270, a germanium di¬ 
ode, has a lower forward voltage drop than a silicon 
diode and has a peak reverse breakdown voltage of 



fig, 1. Deluxe logic probe. 


I about 100 volts. The LM330T-5.0 is a low-voltage 
dropout voltage regulator which provides a regulated 
5.0 volts output with an input as low as 5.6 volts. 1 In 
addition, this regulator has an approximately linear 
voltage output drop as the input supply voltage falls 
below 5.6 volts. For instance, with this device con¬ 
nected to a 5-volt TTL supply, its output would still 
be approximately 4.3 volts. The combined effects of 
the diode and voltage regulator are such that when 
the probe is connected to any supply above 6.0 volts 
(CMOS) the regulated output voltage b e 5.0 

volts. When the probe is connected to any TTL sup¬ 
ply, the voltage at Vreq will be about 4 volts, which 
is acceptable. In fact, I've found that the probe still 
works with an input supply voltage down around 4 
volts. The 60-/tF capacitor is necessary for proper regu¬ 
lation and should be a tantalum. 

To protect the input from accidental negative or 
high voltage, I've used a technique'similar to that used 
to protect CMOS gate inputs. The 2.2 k (3 watt) resis¬ 
tor provides current limiting when either the lower 
1N914 diode conducts (negative input) or when the 
top 1N914 diode conducts (positive input greater than 
supply). The 0.068-/<F ceramic capacitor provides an 
ac bypass for pulses. 

To allow high-speed pulse detection, I've separat¬ 
ed the pulse and level detection functions. This was 
necessary because most comparators have a response 
time far below that of most modern logic operating 
frequencies and therefore would reduce or miss high 
frequency pulses. 7 At the input, a 100-pF ceramic ca¬ 
pacitor couples pulse signals into an MC74HC04 
CMOS inverter. 3 The MC74HC04 is a HEX high-speed 
CMOS inverter which has an operating speed similar 
to that of LSTTL. In addition to low power consump¬ 
tion typical of CMOS, this device can be powered from 

M. Wilde, 7708-181 Street, Edmonton, Alberta, 
Canada T5T-127 
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a wide range of supply voltages — 2 to 6 volts. This 
is useful because of the approximately 1-volt drop 
across the probe power supply. The 1-megohm resis¬ 
tor connected from the input to Vreq is a pullup resis¬ 
tor used to prevent the CMOS input from floating and 
erroneously triggering. The incoming pulses are put 
through two inverters which buffer the original pulse 
and square up the waveshape. 

The pulse trigger and display use an XRL556 dual 
timer. 4 The first timer is a negative edge-triggered 
Set/Reset flip-flop, and the second a comparator/flip- 
flop. When a negative edge first appears at the input 
of timer 1 (pin 6), a flip-flop is set and its output goes 
high. This causes the pulse LED to turn on and the 
10-^F capacitor to begin charging toward the supply 
voltage. When the voltage on this capacitor reaches 
0.66 VreG' the second timer turns on, resetting the 
flip-flop in timer 1. Now the pulse LED is turned off, 
and the 10-^F capacitor begins to discharge toward 
ground. The flip-flop in timer 1 remains reset until the 
decreasing voltage on the capacitor reaches 0.33 
Vreg- At this point, timer 2's output goes low and 
timer 1 is ready for retriggering. Two timers provide 
a fixed on and off time, which will cause the pulse LED 
to flash on and off (at about 1 Hz) when repetitively 
triggered, thereby providing a pulsing display for a 


pulsing input. By shorting out the 10-^F capacitor, tim¬ 
er 2 is never allowed to reset timer 1, which provides 
memory. 

logic level detection 

Logic level detection is accomplished by two sepa¬ 
rate window detectors with their outputs ORed togeth¬ 
er. A National Semiconductor LM339 quad, 
single-supply comparator, which has open collector 
outputs is used. 5 

Two 500-k, 10-turn trim pots set to 70 percent and 
30 percent of the supply voltage are used to set the 
CMOS thresholds. Using a 10-turn pot allows an ac¬ 
curate and stable setting, with the possibility of reset¬ 
ting these ranges to, say, 80 percent and 20 percent 
if it's ever necessary to detect a narrower range. Two 
10-megohm resistors in series from the supply to 
ground hold the CMOS window comparator input to 
0.5 volts V||\j. This keeps the logic level output LEDs 
'off when there's no input signal. Large value 
resistances were chosen to reduce power consump¬ 
tion and provide a high input impedance. 

For the TTL window detector, I used the combina¬ 
tion of a 10-megohm resistor and two 2-megohm resis¬ 
tors to keep this window input at a nominal 1.1 volts 
(remember the approximate 1-volt drop across the 
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fig. 3B. Reverse side (component side) pc artwork, shown 2x actual size. 
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Cl 

0.068 }iF ceramic chip 

C2 

100 pF ceramic 

C3 

10 pF tantalum , 10 volts 

C4 

68 ftF tantalum, 16 volts 

CR1 

IN270 

CR2,3 

IN914 

CR4 

LED Miniature Green 

CR5 

LED Miniature Yellow 

CR6 

LED Miniature Red 

R1,R2 

500 k, 10-turn (poten¬ 
tiometer) 

R3,R4,R5 

10-Megohm, 1/4-watt 

R6,R7 

2-Megohm, 1/4-watt 

R8, R9, R10 

220-ohm, 1/ 4-watt 

R11 

2.2 k, 3-watt 

R12 

10-k, 1/4-watt 

R13,R14,R15 

100-k, 1%, 1 /4-watt 

R16 

200-k, 1% 

R17 

12.4-k, 1% 

RT8 

1-Megohm 

S1,S2 

Miniature slide switch 

U1 

LM339N 

U2 

XRL556CP 

U3 

SN74HC04N 

U4 

LM 1403 

US 

LM 330T 5.0 


supply). The logic thresholds themselves are set by 
a voltage divider network connected to an MCI403 
precision voltage reference 1C. 6 The MCI403 provides 
a stable temperature-compensated 2.5 volts output 
and operates at a supply voltage range of 4.5 to 40 
volts. Because of this lower voltage limit, this device 
must be connected to and not Vreg» because the 
additional 0.6 volt drop would be too much. The resis¬ 
tor combination shown in fig. 2 provides 0.8- and 
2.4-volt references for the TTL window detector. 

calibration and assembly 

The only calibration required for this probe is to set 
the CMOS logic levels on the multi-turn pots. This is 
easily done by connecting the probe to a 10-volt sup¬ 
ply and adjusting the pots until they provide 7 volts 
and 3 volts at pins 11 and 4, respectively, of the 
LM339. 

I've tried to measure the maximum frequency and 
minimum pulse width this probe is capable of detect¬ 
ing, but the probe is capable of detecting higher speed 
pulses than my test equipment will provide. With my 
test equipment I've found that the probe will at least 
work up to 20 MHz (square wave input) and detect 
pulses as narrow as 20 nanoseconds. This is sufficient 
for most work currently being done, but still isn't the 
limit of the probe. 

The slow response time of the comparators (LM339) 
results in the green and red LEDs turning on and a 
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flashing pulse LED for square wave inputs under about 

2 MHz. For square waves over about 5 MHz, howev¬ 
er, the green and red LEDs will be off (because of the 
slow comparators), but the pulse LED will still flash. 
Although I initially thought this was a shortcoming, 
others have suggested that this is actually useful be¬ 
cause it provides a rough indication of speed. The 
probe will indicate a true pulse and logic level condi¬ 
tion for all narrow pulses because one logic level is 
present for most of the time. 

The pc board, which measures approximately 1 x 

4 inches, fits nicely into a logic probe case available 
from Global Specialties.* The case comes with a probe 
tip and power cord, but the holes for the switches have 
to be drilled and a label made (if desired). The proto¬ 
type used sockets for all ICs; this causes some height 
problems, however, and I recommend leaving them 
out. 

The pc board artwork is reproduced in fig. 3A. Fig¬ 
ure 3B illustrates the reverse side (component side) 
hole diagram as well as a computer-generated jum¬ 
per placement. Point-to-point wiring is recommend¬ 
ed for this side. Figure 3C details component 
placement using the same pattern shown in fig. 3A. 
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modifying microphones 


Adapt yesterday's 
microphones 
for use with 
modern rigs 

Although modern transceivers are designed to ac¬ 
commodate low Z, hand held microphones, some of 
us prefer desk-type units to handhelds. We'd like to 
use a prized older microphone but know it just won't 
match the new transceiver. Older microphones can be 
modified, however; tins article describes some simple 
modifications and a special preamplifier that may be 
added if necessary. 


I Most modern rigs use low-Z impedance micro¬ 
phones, usually around 500 ohms. Because you can 
run a lower Z unit into a higher Z-input and lose only 
gain, it isn't necessary to "match" the impedance, 
provided you have adequate microphone gain. No 
changes are necessary unless you want to use, for ex 
ample, a Western Electric 50-ohm broadcast micro 
phone with a 430S. In this sort of arrangement, it 
would be necessary to use a matching step up trans 
former as shown in fig. 1. 

Other low Z microphones may also be used in this 
manner. Some manufacturers (inclose the transformer 
and the 50 kilohm microphone in the same unit. Un 
der these circumstances, the transformer must bo 
magnetically shielded and preferably located in the 
base of the microphone stand. I found this system 
satisfactory for rigs that have adequate microphone 
gain; others may require an additional outboard pream¬ 
plifier. Some manufacturers provide such units. As a 
rule, though, lower output microphones are a better 
choice 

Crystal microphones can be used only into a high 
impedance input of 50 kilohms or more. An Astatic 
D104, for example, may be shunted at the microphone 
terminals with a 0.01/iF capacitor to equalize the au¬ 
dio output. 

Condenser Electret microphones (CEM), widely 
used by ICOM and other manufacturers, usually em 
ploy a transistor preamplifier built into the microphone 
capsule. This requires that preamplifier power be sup 
plied. Generally a small battery is incorporated into the 
base of the stand, or, as in the Radio Shack 33-1058 
tie clip that I use, a built in mercury cell is incorporat 
ed within the microphone case. No on/off switch is 
required because the life of the battery is equal to its 
shelf life. The IC-HM12, for example, obtains its 
preamp voltage from the transmitter (eg., !C 735, 745, 
751), via the same terminal (No. 1) that carries the an 
dio from the preamp. (See figs 2 and 3.) 

The output impedance of these units is 600 ohms, 
at a level above that of an unamplified dynamic micro 

By A.G. Sheffield, VE7CB/W6, Tri Palms Es 
tates, 32-291 Merion Drive, Thousand Palms, 
California 92276 
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" 2 ": (B), dynamic microphone, 50 ohms. Western Elec 
trie 600 broadcast types, etc.; (C), dynamic microphone, 
8 500 ohms, into 10.000 to 50,000 ohm "Z." 
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phone. It should be noted that equipment designed 33-1058 capsule, the circuit shown in fig. 3 is more 
for CEM microphone inputs will not have sufficient than adequate, 
gain unless a preamplifier is added. Using the RS 

providing more gain 

The preamplifier was constructed on a 1 X 2-inch 
piece of insulating board, with holes punched through 
for each component lead. It was wired directly into 
the microphone output and transceiver input via the 
microphone cord, directly from the base of the desk 
unit. (Note that the preamp termination must match 
your rig's input Z. Also, if a common audio and voltage 
line isn't used — as in the ICOM series — a battery 
for the preamp will be necessary.) Matching to 600 
ohms is enhanced by using a larger transistor than 
normal and operating it at a lower level. I have used 
a 2N3053, 2N1304, 2N2430 satisfactorily in this 
application, with no hiss or distortion noticeable at full 
gain. It's very important that the audio line to the 
microphone plug be an insulated shielded wire and that 
the microphone and preamp ground be kept insulated 
and separate from the chassis ground. Pin 1 is audio, 
pin 8 is equipment ground, and pin 7 is audio ground. 



O TO AUDIO INPUT 
600 OHMS 


PET 


i. 5 V 


4pF 




These units have 600 ohm output 2. use an amplifier built into the 
microphone capsule, unit must have a battery supply included All 
audio leads must be shielded, with the shield grounded to the chassis 
ground The push to talk switch must also use the equipment ground 

fig. 2. Condenser Electret microphones employing built- 
in preamplifier circuits. 
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This grounding method is essential in order to prevent 
hum and RF feedback. I wrap the microphone capsule 
with clear plastic tape to insulate it from the stand 
clamp. There should be no continuity path between 
the capsule and microphone stand; if there is, severe 
RF feedback will be evident. 

For operation on SSB, it's especially important that 
the frequency response from 300 to 3000 Hz be flat 
and free of spurious peaks. Speech limiters and 
processing will level off these peaks somewhat, but 
it's at this point that the distortion inherent in such 
designs becomes cipparent Clipping produces square 
waves and harmonics within the audio range and is 
therefore not desirable. Response can be tailored to 
suit by reducing Cl for less bass and increasing the 
value of C2 for less highs. If full gain is required, 
remove emitter resistor R3. In my case, with the 745, 
the microphone gain is equal to the HM12's with the 
resistor left in. It is higher, but still within usable limits 
with the resitor out. 

This low-cost, conventional design is the result of 
many hours testing different microphones and 
preamplifiers. Through its use, increased operating 
comfort — plus good voice quality and clean audio, 
with no spurs or splatter — can be achieved. 
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PRACTICALLY SPEAKING fe- 


"function generator" 
circuits: part 2 

Last month we discussed using text¬ 
book integrator circuits as low-pass 
filters, for generating quadrature sine 
wave signals, and for generating trian¬ 
gle waves out of square waves. This 
month, well look at some practical cir¬ 
cuits, keeping in mind that there's a 
serious difference between textbook 
circuits and real, on-the-workbench 
ones. 

a practical integrator 

Almost all textbooks on linear in¬ 
tegrated circuits or operational ampli¬ 
fiers include the circuit shown in fig. 
1. This circuit produces an output vol¬ 
tage that is related to the integral of 
the input signal and the gain 
(-1/R1C1). 

The nature of the integrator is that 
it produces an output voltage that is 
the time-average of the input voltage. 
There's only one problem with the 
traditional circuit: with real operation¬ 
al amplifiers, it often doesn't work! But 
unfortunately, some articles and books 
don't tell you what the problem is and 
how to deal with it. When I first start¬ 
ed building integrators several years 
ago I discovered the problem the hard 
way. 

The main problem in practical in¬ 
tegrators is that the dc offset voltage 
normally present at the output of real 
operational amplifiers charges capaci¬ 
tor Cl, and thereby soon saturates the 
op-amp. The output voltage starts ris¬ 
ing immediately after power is applied 
and soon is off scale. 

One method used to cancel the ef¬ 
fects of offset is to use an operational 
amplifier that has a very low offset 
potential and no input bias current (or 


very little). For low-cost applications, 
the CA-3140 BiMOS op-amp (which 
uses MOSFET input transistors) is a 
good choice. Devices of the 741 fami¬ 
ly are almost useless for integrator 
service except for periodic signals with 
no dc offset. 

Another procedure is to connect a 
resistor across the integrator capacitor 
in order to keep the dc from building 
up (fig. 2). This is especially useful for 
integrators that see periodic input sig¬ 
nals. The rule of thumb is to make the 
shunt resistor (R2! very much larger 
than R1. In the test case, I used a 470-k 
input resistor and a 10-Megohm shunt 
resistor, which worked quite nicely. 


•H2V 



fig. 1. Basic integrator circuit uses op 
amp and single resistor/capacitor com¬ 
bination. 


Finally, we may also have to use an 
offset null potentiometer in some cir¬ 
cuits. In my test case, with 400-Hz 
sine, square, and triangle wave input 
signals, the potentiometer was not 
needed. Other cases, however, may 
require a counter offset provided by 
R3. Although the values of the resis¬ 
tors in this network are dependent 
upon the application, most of the time 
a 5-k value for R3, and 10 to 27-k for 
R4 and R5 will suffice. Make R6 equal 


to R1 for starters; it can be increased 
or decreased as needed after the cir¬ 
cuit is tested. 

To adjust the potentiometer, short 
the input of the integrator (making 
Vj n = 0). Adjust R3 for a potential of 
zero volts at point "A." Momentarily 
close SI to force the output voltage to 
zero. If the output voltage rises to 
either positive or negative values after 
SI is opened, adjust R3 to cause the 
rate of increase to slow down to zero. 
Again close SI and see if the output 
voltage changes. Repeat the proce¬ 
dure until the output voltage remains 
at zero following every closing of SI. 

In normal operation, switch SI is 
used to reset the integrator after it per¬ 
forms an operation. It is used in some 
instruments where a value is calculat¬ 
ed, but is only occasionally needed in 
cases where an integrator sees a peri¬ 
odic signal with no dc offset compo¬ 
nent. For slow circuits, the switch can 
be a relay, while in faster circuits it can 
be a CMOS electronic switch with an 
"on" channel resistance very much 
lower than R1. Keep in mind that this 
switch dumps the charge in capacitor 
Cl, so the CMOS switch selected 
must be able to withstand the charge 
in the capacitor without burning up. 

sawtooth generator circuit 

Not long ago, when I was building 
Science Workshop's "Poor Man's 
Spectrum Analyzer," decribed by 
W4UCH in a recent ham radio article, 1 
I needed a sawtooth generator circuit 
from an oscilloscope. But W4UCFI had 
used a 30-year old Heathkit, and 
modern oscilloscopes don't have a 
sawtooth output. (Mine is a modern 
triggered sweep model with "X-Y" 
capability.) Although I eventually 
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R3 

OFFSET 
R4 NULL 


R5 



fig. 2. Use of resistor R2, in paraiiel 
with Cl prevents input offset voltages 
from saturating the op-amp, 


bought the Science Workshop sweep 
board described in W4UCH's article, 
I decided to look into sawtooth gener¬ 
ator circuits. Because they're based on 
the integrator circuit, I decided to in¬ 
clude them here. 

Figure 3 shows one attempt at 
designing a sawtooth circuit. It con¬ 
sists of an integrator (A1) followed by 
a voltage comparator; the output of 
the comparator drives the control in¬ 
put on an electronic switch (which is 
active-LOW). At turn-on, the charge 
in capacitor C is zero, so voltage is 
zero. Because voltage VI is positive, 
the output of the comparator (V2) is 
positive. Under this circumstance the 
control line of SI is inactive, so SI is 
open. 

At turn-on, the stable reference vol¬ 
tage - Vr£f causes the output of the 
integrator to increase. At the point 
where -VI, the output of A2 
drops LOW, forcing SI to close. This 
discharges C, forcing the output vol¬ 
tage Va down to zero. 

Figure 4 was derived from a circuit 
given in one of Graeme's classic op- 
amp books. 2 The ramp generator cir¬ 
cuit is the integrator formed with A1, 
Cl, and R3 (being driven by V ). The 
output voltage rises until it reaches the 
threshold of comparator A2. That 
comparator uses positive feedback and 
a reference voltage Vr EE provided by 


' v *tr O 


(+V) Rl 
* ‘ Rl 4 RZ 



fig. 3. Integrator and comparator combine to form sawtooth generator. 



+v 



fig. 5. Circuit built around XR-2206 chip provides sawtooth and short pulse waveforms. 


t 


a potentiometer. The trip threshold is 
Vref + VI (which is set to 0.7 volts 
greater than the zener voltage of 
CR1/CR2, assuming that these diodes 
are identical). When the output vol¬ 
tage hits the threshold voltage, the 


comparator output snaps positive and 
forward biases diode CR3. If resistor 
R2 is very much less than R3, then Cl 
will discharge very rapidly, resulting in 
the classical sawtooth waveshape (see 
fig. 4 inset). The reset time, T2, will 
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Super ComShack 64 
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to 9 sets of access codes & parameters from H T 
♦Synthesized speech consisting cf high quality 
male or female digitized human voice 
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•Generates random code practice <?> any speed with 
voice reodback after each 20 rardom code group! 
♦Set CW speed & pitch from your H.T, 

*5 touchtone defined voice 10 tail messages! 




♦300 Touchtone loadable Autodial numbers 
plus 10 Emergency Autodial (quick access) 

*300 Reverse patch call signs uploaded from 
your H T /general or directed page modes 
♦Incoming caller r eceives voice messaged may 
select the station to be pagec with 3 digit code 
* Phone number memory readback 
♦Toll restrict-leading 1 /O end 5 digit prefix 
♦Full or half duplex (repeater on/off) 

♦Storage of MCI/Sprint access codes 

♦Gall waiting allows switching to second phone line 

♦Touchtones are regenerated onto the tel /speed dial 

♦Touchtone or dial pulse nods 

•Ringdetected while in all remote modes 

♦Last number redial memory 

♦Single digit resets autopatch to dial tone 
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* H F. remote supocrts: Yaesu FT-757/767, 

KenwoodTS-440/9AO. Icon 1C-735 

♦2nd remote or link supports Yaesu FT 727 ( VHF & 
UHF). Kenwood /950/TS-2530/70 seriesw’tn 
RAP1 (Remote-a-Pad) 

* 10 H.F. Memory channels/enter or recall 
♦Automatic USB/LSB/FM rniooe select 
♦Scan up/down, fest/slow. or 1OOhz steps 
♦ContrcT CS-8 retary/latch option with master reset 

& status announcement 

♦All control inputs a r e voice confirmed including | 
frequency, mode, scan status, time, outputs on/off \ 

* autopetch audtable ring/page while in all modes 

Sustem ODtlons 


*6 Reley control (CS-8) t 79.9S 

♦ 3 DPD T 2A relays, 5 open collector outputs 

♦ user defined 2 letter function name 
+ cn/cff position user defined 

+ automatic p TT fan/blower control line enebies 
when repeater or any PTT line is activated 
♦Optional CMOS auto-boot 72k EPROM Cartridge 
programmed with your parameters $99.95 
♦RAP 1 Keypad controller for VHF remote % 149.95 


model CS64S-$349.95 (wired and teslec) 

L V 


includes, computer interface, d sk, cables & manual, 
duplex & simplex versions ere supplied 
(some features not applicable when in simplex mode)! 
(add $4 00 shipping / Ca residents odd 6%) 

MASTFRCARD/VlSA/CHfCIC/M 0 VCOD 


Engineering Consulting 

583 Candlewood St. 

Brea, Ca. 92621 
tel: /I4-671-2009 


be very much shorter than the period, 

T1, if R2 << R3. 

Another means of generating a saw¬ 
tooth waveform is to use a special 
function generator chip such as the 
Exar XR-2206* The XR-2206 is capa¬ 
ble of generating sine/square wave/ 
triangle waveforms; it is used to gener¬ 
ate a sawtooth and a short duty cycle 
pulse in the circuit in fig. 5. 

The frequency of this sawtooth 
generator circuit is set by resistors R1 
and R2, plus capacitor C2: 

/7- --- 

CI(RI+R2) 

where: F is in H?, Cl is in Farads, and 
R1 and R2 are in ohms. The duty cy¬ 
cle is: 

Ri 

RiTR2 

Jameco** makes a circuit board 
“function generator" kit for less than 
$20 that creates the sine wave, square 
wave, and triangle wave signals. It can 
be easily modified for sawtooth appli¬ 
cations. 

references 

1. Bob Richardson, W4UCH, "A Low-Cost $pect r um 
Analyzer with Kilobuck Features, ' ham radiv, Septem¬ 
ber, 1986, pnge 82. 

2. Jerald G. Graeme, "Designing With Operational Am¬ 
plifiers: Applications Alternatives,' McGraw-Hill Book 
Company, New York, 1977. pages T59 162 





Module installs ins de the radiohn 15 Min Boost audio to 
1 watt 1 Low standby drain/Corrects ;ow ajdio/1 OOP's o f 
happy users (Works ir other H.T'Stoo) 
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Program your computer in basic to decode multidigit "strings" 
sound alarms, observe codes . Simple to install , + 12 /DC 
/audio, includes basic program for C64 /V1C20/C126,all _ 

computers ‘ DECODE-A~PAD‘ Model DAP $89.95 



COLUMN | Ban 

Remote Keypad Rows & Columns Controller Plus Two 4 digit 
decoders (on/off )/W 1 1‘ control frequency of any keypad entry 
radio such as the Kenwood 7950/2530/IC04-AT Easy tc install 
in parallely with 9 x 1 sting keypad/Use with ComSheck 64 as a 
freq. controller or with Pro Search rotor control box/A versatile 
board for all remote control app'ications The latches mav be 
used fer cn/off or momentary _ 

^REMOTE-A'PAD" nod«i RAP-1 $ 1 49 95 


Wired and tested *5 to * 12 Volts/ 
User programable to 50.000 codes/ 
All 16 digit$/5end code once to turn 
on, again to turn off/ Momentary & 
Latching output/dnves relay/LED 
latch indicator/Optional 4 digit extra 
custom latch IC's $8 95 each/add as 
many latches as you went to your 
external board jKctiel TSP $59.95 


■ Ml M 11 .Touchtgpg 

■ Pi m 

IJHi/ \ 1 Tel tone 

--^>5 to T 2v. 15ma 

(551-201 compatabie)/inc. 3.58 
Mhz Crystal/ 22 pin socket, Date 
Sheet, .Sample circuits, decoder 
specs, all 1 5 touchtones, BCD/HEX. 

No filters req riodoi TTK $22 95 
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open-wire line 

for 2 meters 


Low-loss, 
inexpensive 
VHF “cable” 

It's a well-known fact that transmission line losses 
increase with the frequency of operation. Coax and 
open-wire line manufacturers supply data to permit 
users to select the proper transmission line for a giv¬ 
en frequency. The data is usually in the form of dB 
loss per 100 feet, specified at discrete frequencies or 
by means of a curve expressed in dB loss per 100 feet 
versus frequency. Typical transmission line attenua¬ 
tion losses are shown in table 1. 

line loss and cost considerations 

For any frequency, it's possible to find a line that 
provides the lowest losses to the antenna system. For 
frequencies below 30 MHz, losses are not a problem 
unless line lengths are great — for example, over 300 
feet at 30 MHz. At that frequency, RG8/U may pro¬ 
duce a 3-dB loss over the line length, which represents 
one-half the power being lost in the coax line. 

There's also a relationship between transmission line 
loss and cost, which is nonlinear. For a given frequen¬ 
cy, cost versus line loss is an inverse function; that 
is, the lower the loss, the higher the cost. At 145 MHz, 
we have the choice of several readily-availabfe trans¬ 
mission lines (table 1 ). The table also shows the mar¬ 
ket cost of each type as determined from recent 
magazine advertisements. Some of the transmission 
line costs are high, especially for long runs. 

I'm interested in both minimum line loss and mini¬ 
mum costs. Reference 1 describes such lines for oper¬ 
ation below 30 MHz in lengths of approximately 500 
feet. Those lines are open four-wire transmission lines 
of 200 ohms impedance, which can be converted to 
50 ohms with 4:1 baluns at the high frequencies. Open 
two-wire lines of 200 ohms impedance become im¬ 
practical because of the very close spacing (less than 
0.1 inch) required. 

running the line 

When it came time to consider the location of a 
2-meter beam to pick up the Carolina DX Association 


repeater at a distance of approximately 50 miles, the 
closest tower was an 80-footer 120 feet from the oper¬ 
ating position. 

It has been my practice to bury coax cable from the 
house to the base of the antenna tower and run the 
coax up the tower. That practice was appropriate for 
low-frequency antennas in lengths of less than 200 
feet. An alternative method would be to run a sup¬ 
port line of steel cable between the house and the tow¬ 
er, securing the coax to the support line. Either way 
is acceptable; it's simply a matter of esthetics. 

choosing the line 

To run the coax underground and up the tower to 
the 50-foot level would require approximately 190 feet 
of transmission line. A suitable transmission line to pro¬ 
duce an attenuation less than 2 dB for the total length 
would be one of the hard-line types. 

Because of my successful experience with the four- 
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Table 1. Attenuation as a function of transmission line 
length. 

Cable Type Impedance dB/100 ft Avg cost/100 ft 



(ohms) 

(150 MHz) 

(dollars) 

RG213/U 

50 

2.3 

30.00 

RG8X 

52 

3.5 

15.00 

RG58/U 

52 

6.0 

12.00 

Aluminum 

50 

1.2 

79.00 

(1/2 inch) 




Heliax, 

50 

0.9 

179.00 

(1/2 inch) 




Heltax, 

50 

0.5 

399.00 

(7/8-inch) 




Four-conductor, 




open-wire 

200 

0.6 

46.00 


Notes: 

1 Coax type cables do not include connector cost 

2. The cost of the four conductor open-wire line includes $36.00 
for 400 feet of No. 14 copper wire plus an additional $10 00 for 
homemade spreaders and baluns 

3. The loss for the 200-ohm line is calculated from eq 5 of refer 
ence 1. 


wire, 200-ohm transmission line, I decided to use it 
for the straight-line, 120-foot run to the 2-meter an¬ 
tenna. Since I wanted as short a run as possible, the 
transmission line would be supported at the ends with 
no intervening support poles. That decision meant that 
the line would require good separation along its length 
as well as proper end supports. 

building the line 

Four 120-foot lengths of No. 14 copper wire were 
measured, and about a dozen square plastic spread¬ 
ers made by W2IRC (fig. 1) were slipped on one end. 
That end was tied to a tree. The remaining spreaders 
were slipped on the other end, and the line pulled tight 
and secured. The spreaders were finally separated by 
a distance of 3 feet, with each hole encapsulated with 
silicone rubber to retain each spreader at its selected 
location. The transmission line was left undisturbed; 
after a few days, I found they were properly secured. 

I used a special four-wire, 200-ohm terminating 
block, available from W2ER/ at each end. One was 
attached to the house and the other to the tower. 
Meanwhile, because commercial baluns for 145 MHz 
appeared to be unavailable, I made two 4:1 baluns. 

I decided small cores would be adequate for the 
amount of power to be used (25 watts maximum), so 
I wound Amidon iron-core type T94-12 cores as shown 
in fig. 2 and soldered them to the cross-connected 
four-wire line at each end. Then I mounted a coax 
receptacle on the tower terminating block for ease of 

‘'Marshall litter, VV2ER. 16 Eairiane Drive, East Quoque. New York 11942. 



assembly and wrapped the baluns in tape for minimal 
weather protection. 


final assembly 

I connected one end of the transmission line under 
the eaves, then ran the line to the transmitter using 
a 15-foot piece of RG8/U coax. I connected the other 
end to the 80-foot tower at the 50-foot level, then ad¬ 
ded a noninductive, 50-ohm resistor across the coax 
connector at the tower. The VSWR of the line meas¬ 
ured 1:1. 

This whole exercise came about because of the 
prodding of N4ZC, who wanted me to be able to ac¬ 
cess the Carolina DX Association repeater located near 
the North Carolina/South Carolina border. His final ex 
hortation included an offer to install the 10-element 
beam for me. With that kind of an offer, who could 
refuse? 

N4ZC installed the beam at the 50-foot level, con 
nected the 6-foot length of coax, and inquired whether 
the Carolina DX repeater could be accessed from the 
height. I raced into the house, raised the repeater, then 
ran outdoors again to report success! 

Before this system was installed, I couldn't hear any 
signals at all from the Carolina DX Association repeat 
er; now, operation over the less-than-ideal 50-mile path 
is satisfactory. And although the VSWR on the an¬ 
tenna system becomes very high during heavy rain 
storms, operation into other North Carolina repeaters 
has improved tremendously. 

references 

I Henry G Elwell, Jr., N4UE1, "Lonq Transmission Lines (or Optimum An 
tenna location." han\ radio. October 1980 
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weekender 


the weekender: aural 
VCO provides 
relative metering 


frequencies, however, conventional varicap diodes 
aren't effective. Instead, transistor Q5 and the 1000- 
ohm resistor form the variable element needed for 
controlling the frequency of our VCO by limiting the 
charging current flowing into the 0.15 fiF timing ca¬ 
pacitor according to the forward bias being applied to 
Q5. 

As the voltage on pins 2 and 6 of U1 reach 2/3 Vcc 
(about 6 volts with a 9-volt supply) the timer will fire 
and pin 3 will be pulled low. Pin 7, an open collector 
output, goes low and begins to discharge the timing 
capacitor — through the 3.3-kilohm resistor. The dis¬ 
charge time provided by this resistor assures a reason¬ 
able, although asymmetrical, waveform for the aura! 



fig. 1. Aural VCO schematic parts values not shown are discussed in the text. 


Being an avid 2-meter foxhunter. I'm always will¬ 
ing to try out any new gadget that might serve that 
end. This article describes a circuit, shared with me 
by Don Lewis, KF6GQ, for an RF sniffer which pro¬ 
duces a tone that rises in frequency as the signal gets 
stronger. Ideas for a number of useful Amateur appli¬ 
cations will be discussed. 

how it works 

Figure 1 shows the schematic for the aural VCO. 
The heart of the circuit is a 555 timer used as an RC 
audio oscillator. The frequency is determined by the 
RC values; increasing the value of resistance or capac¬ 
itance lowers the frequency, while decreasing either 
has the opposite effect. In an HF VCO design, a vari¬ 
cap diode would be used as the variable element con¬ 
trolling the frequency of oscillation; at audible 

By Peter J. Bertini, K1ZJH, 20 Patsun 
Road, Somers, Connecticut 06071 


signal generated by U1. At 1/3 Vcc the internal flip- 
flop resets, the output on pin 3 goes high, the open 
collector output on pin 7 floats, and the timing cycle 
begins again. 

Transistor Q5, a PNP device, is used in a common 
collector configuration. Forward bias occurs as the 
base is driven towards ground. Transistors Q1 and Q4 
form a differential amplifier. The quiescent bias for Q5 
is set by the 10-kilohm pot's setting the bias at one 
of the differential amp inputs. The input signal, ap¬ 
plied to the remaining differential amp input, in turn 
controls the forward bias of Q5. As the input voltage 
rises, transistor Q5 is driven further into conduction, 
reducing the RC time constant and thus increasing the 
frequency of the tone. 

adjusting and using the VCO 

The tone level is set through the value of R1, the 
resistor in series with the pin 3 output of U1 and the 
speaker. Battery life will be greatly reduced if too small 
a resistor is used for R1. Depending on the audio level 
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needed, 47 to 1000 ohms will serve here. The 555 can 
source or sink upwards of 200 mA and will easily drive 
speakers with 8 to 45 ohms impedance. With no in¬ 
put signal the zero-set pot is adjusted for the desired 
resting tone. A steady click-click-click (similar to the 
sound of a Geiger counter) marks the lowest frequency 
that should be set. At this point any signal applied to 
Q1 will proportionally increase the tone frequency. 

construction 

Because layout is not critical, perfboard with 
0.1-inch centers may be used for component mount¬ 
ing; all of the parts are available "off-the-shelf" from 
your nearest electronics distributor or Radio Shack. 
A 2N2222, 2N3904, or similar small-signal NPN device 
may be used for Q2 and Q3. A 2N2907, 2N3906, or 
similar small-signal PNP transistor will serve for Q5. 
Q1 and Q4 are N-channel JFETs; an MPF102, 2N5485, 
2N5486, or 2N5487 will work well, although the pinch- 
off voltage rating, if too low, may limit the range of 
the device. Feel free to use junkbox parts if they're 
available; the circuit is forgiving of part substitutions. 

putting the VCO to work 

Figure 2 shows the VCO being used as a sensitive 
2-meter field strength meter. Combined with a hand¬ 
held DF antenna, the meter lets you leave your vehi¬ 
cle and find a hidden transmitter within easy walking 
distance. 


SO-23 9 
TO ANTENNA 


TAP L ABOUT 1/5 TURN-RATIO 
FROM GROUND END OF COIL 

fig. 2. Using the aural VCO as an indicating device for 
a field-strength meter. The values for L and C should 
resonate at the frequency desired. 


In a recent article I showed a simple external meter¬ 
ing and attenuator for 2-meter FM transceivers. 1 Con¬ 
necting this aural VCO to the signal-strength metering 
circuits allows you to orient your directional antenna 
without having to watch the S-meter — certainly a 
feature conducive to safe driving. Sightless or mobile 
HF operators might find that the aural VCO could re¬ 
place the meter movement used for SWR bridges or 
relative output indication to facilitate antenna tuner or 
radio tuneup. 

reference 

1. Peter J. Bertini, K1ZJB, “The Foxbox: A Direction-Finding Tool," ham 
radio, October, 1985, page 25, 
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an IF sweep generator 


Versatile unit 

% 

tests and aligns 
LC, crystal 
and mechanical filters 

How would you like to have a versatile piece of test 
gear that could be used to align LC, crystal, or mechan¬ 
ical filters as well as to provide fm discriminator align¬ 
ment? The generator described in this article can be set 
to a center frequency of 455 kHz and frequency modu¬ 
lated at any desired deviation up to ±40 kHz. Thesweep 
rate of 25 Hz is suitable for checking filters such as the 
Murata CFS series and for fm discriminator alignment. 
A 2-Hz rate is used for checking narrow-bandwidth crys¬ 
tal and mechanical filters. Linearity of sweep is excellent. 
A crystal diode detector is built in. A dc-coupled scope 
and a frequency counter are needed for calibration and 
display. 

circuit operation 

Referring to the schematic (fig. 1), U1, Q1,Q2and as¬ 
sociated components make up the rate and ramp gener¬ 
ator. U1 is connected in the conventional astable circuit, 
but with the addition of CR4 and CR5 silicon diodes. 





Photo 1. BP1 is labeled IN. Connect to input filter under test. 
BP3 is labeled OUT. Connect to output of filter under test. 


I Positive going pulsesaboutSmicrosecondslong occur 
at the output, pin 3, at 40-millisecond intervals (fast rate) 
and at about 480-millisecond intervals (slow rate). 

Assume that at turn-on. Cl is at zero voltage. 02 is 
turned off and C9 in the 555 timer circuit is also at zero 
voltage. Cl begins to charge through constant current 
generator Q1. A linear voltage ramp appears at 02 col¬ 
lector. When U1 times out, a short positive pulse is cou¬ 
pled to 02 base through R3. It turns 02 on, which rapidly 
discharges Cl, and the cycle is repeated at the rate sel¬ 
ected by S1. Ramp voltage is applied to the gate of Q3, 
which is used as an inverting buffer and for dc-level shift¬ 
ing. Q3 drain is directly connected to modulation input 
pin 5 of U2, an LM566 function generator. It is a vol¬ 
tage-controlled oscillator, which outputs approximately 
square waves at pin 3 (not used here) and more or less 
triangular waves at pin 4. The changing voltage at pin 
5 frequency modulates the output at pin 4, which is ap¬ 
plied to the unit under test. Output from that unit is de¬ 
tected and filtered by CR3 and associated components, 
and a dc voltage proportional to this output is supplied 
to the scope vertical amplifier at J3. * 

The scope horizontal amplifier is connected to J1. The 
ramp voltage sweeps the trace left to right and the de¬ 
tected output voltage deflects the trace vertically. Thus 
the display can trace out the passband of a filter or the 
characteristic S-curve of an fm demodulator. 

component selection 

Capacitors Cl and C2 should be tantalum. C4 is poly¬ 
styrene; an NPO ceramic would probably serveas well. 

R1 in the constant-current generator limits charging 
current to Cl, and its value may need to be changed to 
allow Cl to be charged to about 4 volts during the 40- 
millisecond period of the25-Hz sweep rate. When in the 
2-Hz mode, Cl will charge to about 8.5 volts. Neither 
value of voltage is critical. 

02 must be a fast-switching type, capable of handling 
the high peak currentthatflows when Cl isdischarged. 
Its duty cycle is very low. The 2N2222A used here has 

By Bob Griffith, W2ZUC, 476 Keenan Avenue, 
Fort Myers, Florida 33907 
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fig. 1. Schematic for the sweep generator. 


survived many hours of operation. R3, the 1 -kilohm re¬ 
sistor in series with Q2 base, isnearthemaximumvalue 
that allows the collector to be driven close to ground. 

It's possible that U1 may fail to output the desired 
5-microsecond pulse. If so, increase R11 to 1-kilohm, 
which will lengthen the pulse but won't upset operation. 

Sweep width control R4 is a 2.5-megohm potentio¬ 
meter. It may be replaced by a 1-megohm potentiometer 
in series with a 1 -megohm fixed resistor to Q2 collector. 
The full ramp voltage isn't needed (or usable) at the gate 
of Q3. 

Q3 is a readily available JFET. However, the spread 
in characteristics is broad, and it may be necessary to try 
more than one in this circuit. The selection can be made 
by setting up the test circuit of fig. 2. Pick a transistor 
thatdraws enough currentto makethedrain voltageap- 
proximately 12.0 volts and source voltage about 0.8 
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volts. The value of the 130-kilohm resistor can be varied 
±20 percent if necessary. 

U2 center frequency is determined by R8, R9, and C4. 
R9 is near the recommended 2~kilohm lower limit for the 
566. When the sweep is zero, theoutputfrequency can 
be varied from 350 kHz to 486 kHz. The upper frequen¬ 
cy limit of the chip is 1 MHz, butany lower range can be 
obtained by increasing the'values of R and C in the tim¬ 
ing circuit. 

The inverted ramp voltage supplied to U2, pin 5 from 
Q3 drain causes the VCO frequency change. Sensitivity 
is high; from a resting voltage of 12.0 volts, a drop of 0.1 
volts to 11.9 volts increases thefrequency about22 kHz. 
Thus the outputfrequency at pin 4 increases during the 
ramp cycle, and the display is from left to right for in¬ 
creasing frequency. 

Resting voltage at U2 pin 5 should be close to 12.0 
volts for a 13.8-volt supply to obtain best linearity of 
sweep frequency. Total current drawn is 48 mA, Anon- 
card 12-volt regulator can be used. If so, adjust the value 
of R7 to bias pin 5 at 10.5 volts. Closely regulated volt¬ 
age isn't necessary, but it must be well filtered. The ramp 
generator and U2 are sensitive to hum voltages. For that 
reason, an external power supply is used. 

construction 

All the components except width control R4, center 
frequency control R8, SI with C2and CIO, and the bind¬ 
ing posts and jacks are on a single-sided board measur¬ 
ing 1.5 by 5 inches. I don't have a layout for it; I make lines 
and pads using dental burrs in a a high-speed grinder. 
Perf board should be acceptable. 

The controls, switch, three binding posts, and three 
UG-625/ U BNC jacks are mounted on an aluminum pan¬ 
el measuring 3.5 by 6 inches. The board is held to the 
panel by two small angle brackets. A short two-conduc¬ 
tor cable with a two-contact male connector passes 
through a hole in the phenolic box, which measures 3.8 
by 6.3 by 2 inches. No high frequencies are involved, but 
there are some high-impedance points and good insula¬ 
tion is needed. 

initial checkout 

Connect a counter to J2 and connect the scope DC 
vertical input to J1. Turn sweep width control R4 fully 
counter-clockwise and set center frequency control R8 
fully clockwise. Set S1 to fast and apply well-filtered 13.8 
volts to the power connector. Thefrequency should be 
about 486 kHz. Turn the center frequency control fully 
counter-clockwise. The frequency should be about 350 
kHz. If the upper frequency is below about 475 kHz, you 
can shunt R9 with a fixed resistor from 22 kilohms up¬ 
ward, or try a slightly smaller value of capacitor at C4. 
The upper limit isn't critical, but it must be high enough 
to allow setting of the frequency at the upper point of a 
filter under test, which will be explained later. 



Photo 2. Bottom view of circuit board. The 555 timer is at left. 
Q2and Q1 are next to the right, Q3is nearthefrontof the board 
between BP1 and BP2. The 566 is near the center of the board. 
Detector and associated components are at the right end. 


Check the ramp voltage. It should be a very linear saw¬ 
tooth having a period of approximately 40 milliseconds 
and a peak amplitude of about 4 volts. If no signal ishere, 
check Q1 for short or open circuit and check02 base for 
a positive-going pulse. If it's missing, check the 555 
timer. Set SI to slow. The sawtooth amplitude should 
be about 8.5 volts and the period near 480 milliseconds. 

This procedure assumes that you have a scope with 
a calibrated sweep. If not, the counter should work on 
the25-Hz rate, and the2-Hz rate can be estimated by vis¬ 
ual check against a sweep second hand. Neither rate is 
really critical. If you don't intend to check very narrow 
filters, the slow rate and switch can be eliminated. 

Disconnect the counter and connect the scope probe 
to J2. Turn the sweep width control to about 10 o'clock. 
Triangular waves about 3 volts peak-to-peak above a 
5-volt DC level should appear. Successive waves should 
appear to move left and right atthe repetition rate of the 
ramp voltage. If little or no movement can be seen, check 
for a signal at the gate of Q3 and at its drain. If there's 
a normal signal at the gate but no inverted signal at the 
drain, check the dc bias at the drain and at pin 5 of the 
566. 

Connect a jumper from BP1 to BP3 (binding posts). 
Connect the scope dc horizontal input to J1 and verti¬ 
cal input to J3. Turn the sweep width control to mini¬ 
mum. Vary the center frequency control through its 
range and observe the trace on the scope face. It should 
be a straight line at 400 to 500 millivolts above ground. 
Turn up the width control. Output at J3 should not 
change except near maximum sweep. 

calibration and use 

Connect the input of the filter to be tested to 8 PI, 
ground to BP2, and the output of the filter to BP3. Set 
the center frequency and width controls to obtain a dis¬ 
play that looks like an inverted U, Check both sweep 
rates. If there's a noticeable difference in the trace shape, 
use the slower rate. I ncrease the sweep width and note 
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Photo 3. Scope display of passband of Murata CFS455E filter. 
Each horizontal division is 0.5 volts. Each vertical division is 
50 mV. Sweep rate is 25 Hz. The 6dB points are at 446 and 
466 kHz. The pip at left of trace is not a spurious response 
of the filter. It is display of retrace during the negative going 
portion of the ramp voltage, since there is no blanking dur¬ 
ing that interval. 

that the trace moves to the left. This is normal. Restore 
to center by adjustment of the center frequency control. 

Reconnect the counter to J2. Position the trace so 
that a point near the middle of the passband is at some 
easily noted height — for example, six divisions above 
the zero-volt baseline. Reduce the sweep to zero and ad¬ 
just the center frequency control for six divisions in 
height of the now-straight horizontal line. Read the fre¬ 
quency from the counter. This is the frequency for ap¬ 
proximately the center of the filter. Now readjust the 
center frequency control for three divisions in height at 
both low and high-frequency ends of the passband. 
Read the counter again. These frequencies are at the 
6-dB points for that filter. Symmetry and ripple within 
the passband are easily seen on the display. 

It's impossible to determine the 60-dB points accur¬ 
ately on a filter passband using the simple diode detec¬ 
tor in this unit. An idea of the skirt selectivity and 
presence of nearby spurs can be obtained by reducing 
scope attenuation to a minimum. Alternatively, you 
might disconnect the detector circuit and measure the 
output voltage of the filter with a well-calibrated R F mil- 
livoltmeter. 

For narrow passband ceramic or crystal filters, follow 
the manufacturers' recommendations for input and out¬ 
put terminations. The values may be quite different from 
the 1.8 kilohm series and shunt resistors I chose. (Mine 
were close to the 1.5-to-2 kilohm terminations specified 
for the Murata CFS series filters that are commonly used 
in 2-meter fm receivers and in VHF marine radios.) 
Mechanical filters usually require shunt C at both input 
and output to resonate the coupling coils within them. 
You may wish to remove R13 from the board and use it 
or other values externally between BP2 and BP3. 


For the home brewer of multipole crystal filters, this 
generator should make it much easier to trim to the 
desired center frequency and minimize ripple, 

Fordiscriminatoralignment, input a signal through a 
capacitor of 1000 pF to a point in the receiver ahead of 
the discriminator but following any 455-kHz filter. Use 
a 1 -kilohm potentiometer for level adjustment and check 
with a scope to see that sufficient signal is injected to 
cause limiting before the discriminator. Set the center 
frequency and sweep width as required to obtain a trace 
of the S-curveand adjust the primary and secondary for 
best linearity. The desired center frequency should be 
halfway between those at the ends. If a very narrow (for 
fm) filter such as the CFS-F is used in the receiver, you 
may wish to remove the filter and determine its actual 
passband and center the discriminator to match. 

You can also determine the curve for the ceramic dis¬ 
criminator now used in many 2-meter transceivers. 
These are fixed and no adjustment is provided. They ap¬ 
pear to be inferior to a good Foster-Seeley discrimina¬ 
tor with respect to linearity, although they are undeni¬ 
ably smaller and probably less expensive. 


ham radio 


W6SAI BOOKS 

published by Bill Orr, W6SAI and Stu Cowan, W2LX 


BEAM ANTENNA HANDBOOK 

Completely revised and updated with the latest computer generated informa¬ 
tion on BEAM Antenna design Covers HF and VHF Yagis and JO. 18 and 24 
MHz WARC hands. Everything you need to know 2CM illustrations 266 
pages, 1985 Revised 1st edition 

RP-BA Sollbound S9.95 


SIMPLE LOW-COST WIRE ANTENNAS 

Primer on how-to-build simple low cost wire antennas. Includes invisible 
designs lor apartment dwellers Full ol diagrams and schematics. 192 
pages. * 1972 2nd edition 

RP-WA Softbound $7.95 


ALL ABOUT CUBICAL QUAD ANTENNAS 

Simple to build, lightweight, and high performance make the Quad at DX’ers 
delight Everything from the single element to a multi element monster A 
wealth ol inlormation on construction, feeding, tuning and installing the 
quad antenna 112 pages 1982 3rd edilion 
iRP-CQ Softbound $6.95 


THE RADIO AMATEUR ANTENNA HANDBOOK 

A wealth ol projects that covers verticals, long wires, beams as well as 
plenty ot other interesting designs It includes an honest judgement ol gain 
figures, how to site your antenna lor the best performance, a look at the 
Yagi-Ouad controversy, baluns. slopers. and delta loops Practical antenna 
projects that work! 190 pages ^ 1978 1st edition 
RP-AH Softbound $7.95 
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DX propagation 

When you're working DX , you can 
usually expect that the conditions that 
optimize your transmitted signal will do 
the same for your receiving capability. 
There are exceptions to this rule, of 
course — during ionospheric tilt con¬ 
ditions, for example.* 

For the strongest signals, it's best to 
use the highest frequency band (i.e,, 
near the maximum usable frequency, 
or MUF) the ionosphere will support 
for the path in the direction of interest 
(see chart). Doing so reduces the num¬ 
ber of hops required through the 
signal-absorbing D-region to the dis¬ 
tant station and results in a stronger, 
more readable signal with less distor¬ 
tion and variation. 

To be able to use the maximum hop 
length (the lowest number of hops) the 
take-off angle (TOA) of the signal from 
the antenna must be about 10 degrees. 
The longest paths in the chart are to 
Australia (from Eastern USA), South 
Africa (from mid-USA), and Antarcti¬ 
ca (western USA). All of these paths' 
hop lengths are between 1711 and 
2456 miles, with TOAs within a range 
of from 3 to 9 degrees and 2 to 5 hops. 

Because the MUFs and TOAs ex¬ 
hibit diurnal, seasonal, and solar vari¬ 
ations (sunspot/solar flux numbers), a 
new chart is published each month. 
MUFs for specific locations can be 
found by using programs like 
MINIMUF 3.5 1 and modified versions 
that consider other path parameters 
such as bearings, distances and TOA, 
as discussed in previous columns. 2 3 


*(We like to thir»k of the D, E and F region as concern 
trie layers, but this is not always the case—Ed.) 


The italicized numbers in the chart 
refer to MUFs during the night and 
predawn hours, which may be problem 
times. At these times, particularly near 
sunrise, the ionosphere develops a tilt 
that causes rapid changes in frequency 
and height, affecting east-west paths 
every day. Bands come in or go out at 
these sunrise and sunset times on the 
path, and DX openings are often unu¬ 
sually good, if brief. 

To be continued next month . . . 

last-minute forecast 

Because of the increased probabili¬ 
ty of solar activity, the middle of Janu¬ 
ary is expected to be the best time for 
openings on 10 through 30 meters. 
Good transequatorial openings in the 
evenings can be expected to continue 
through the third week of the month, 
when an unstable geomagnetic field is 
anticipated. The lower frequency 
bands, open mainly during the night, 
should be at peak performance during 
the first week of the month. The last 
week will also be very good, except for 
a greater probability of lower-level sig¬ 
nals being affected by winter anomo- 
lous absorption after the 15th. 4 How¬ 
ever, because January is the month in 
which atmospheric noise is lowest and 
the geomagnetic field is least dis¬ 
turbed, operation should be out¬ 
standing. 

band-by-band summary 

Ten, twelve, fifteen , and twenty 
meters will be open to most areas of 
the world from morning to early even¬ 
ing almost every day. Openings on the 
higher of these bands will be shorter 
and will occur closer to local noon. 


Transequatorial propagation on these 
bands will more likely occur toward 
evening during conditions of highest 
solar flux and disturbed geomagnetic 
field conditions. 

Thirty and forty meters will be use¬ 
ful almost 24 hours a day. Daytime 
conditions will resemble those on 20 
meters. Skip distances and signal 
strength may decrease during midday 
on days that coincide with the higher 
solar flux values. Nightime DX will be 
good except after days of high MUF 
conditions and during geomagnetic 
disturbances. Look for DX from un¬ 
usual places on east, north, and west 
paths during this time. The usable dis¬ 
tance is expected to be somewhat less 
than 20 in daytime and greater than on 
80 at night. 

Eighty and one-sixty meters will ex¬ 
hibit short-skip propagation during 
daylight hours and lengthen for DX at 
dusk. These bands follow the darkness 
regions, opening to the east just be¬ 
fore local sunset, swinging more to the 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. The 160-meter band 
opens later and closer earlier than 80. 

references 

1. Robert B. Rose, K6GKU, "A Simplified MUF- 
Prediction Program For Microcomputers," QST, De¬ 
cember, 1982, page 36. 

2. Garth Stonehocker, KORYW, "Antenna to- 
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ing,” DX Forecaster, ham radio, January 1985, page 
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Heath SA-2550 remote 
antenna matcher 

Heathkit has always been known for being the 
'haven" for gadgeteers — I'm one of them, and 
I've always been intrigued by their various 
offerings. 

Their latest Ham gadget is the new Remote 
Antenna Matcher, the SA 2550 (see fig. 1). Sim 
pie in design but elegant in use, this remotely 
tuned 40-500 pF variable capacitor can be con 
tinuously varied from the comfort of your 
hamshack. 

The control unit is a power supp/y and dc rec¬ 
tifier with a switch that allows you to turn the 
capacitor either clockwise or counter-clockwise 
by reversing the polarity of the voltage it sends 
to the matching unit motor. The motor-driven 
capacitor moves slowly enough so that it's hard 
to miss the lowest point of SWR, but not so 
slowly that you have to wait forever for it to 
make its rounds. The control voltage can be sent 
to the remote unit either through the antenna 
feedline or through two control wires. 

Heath designed the Remote Matcher to be 
compatrb/e with their Remote Antenna Swdcb 
(see the product review on page 124 of the May, 
1986 issue), If you want to use the two units 
together, you'll have to control the remote 
matcher through the two external wires because 


of a de blocking capacitor in the HA-1481; in 
most Amateur installations, this will be no more 
than a minor inconvenience. Owners of other 
brands of remote switches will have to check 
their schematics to see what configuration their 
units use. If you use external cable to control 
your remote switch, you'll be able to use the 
feedline to control the SA-2550. If the remote 
switch uses the feedline for control, you'll need 
to use two external wires. 

construction 

Heath should get an award for their construc¬ 
tion manuals. My hat's off to their technical 
writers While this isn't a particularly difficult kit 
to build, the clear, concise style of writing makes 
building very easy 

As per any kit, I highly recommend you read 
the manual at least twice before you even open 
one parts envelope. Then, I suggest you take a 
complete parts inventory to make sure that noth¬ 
ing is missing Try stealing a muffin pan from 
the kitchen and use it to sort and organize all 
the parts. This is especially helpful with all the 
hardware: screws, nuts, bolts, and washers. A 
few extra minutes in organrzatron will save p/enty 
of time later on 

Construction is straightforward and really 
progresses quite quickly. You start with the con¬ 
trol unit/power supply (about an hour's work) 
and then move on to the matcher unit chassis. 
Here's where it gets a bit interesting; building 
the capacitor proved to be a slight stumbling 
block for me. It wasn't the instructions or any¬ 
thing other than my own sloppiness. Putting all 
the plates of the stator and rotor together went 
fine, but I had my problems in getting the prop 
er a/ignment between the p/ates I spent a little 
time carefully adjusting the four alignment nuts 
and had the capacitor positioned exactly where 
it was supposed to be. (If the plates aren't 
properly spaced and aligned, the voltage rating 


will decrease and the capacitance won't be with¬ 
in specifications. The unit won't perform as it 
should and could arc over under full-power ap¬ 
plications.) 

After the capacitor was set aside, completion 
of the project took just about an hour more. My 
total time into the project was about three hours, 
with another ten minutes to run some resistance 
and voltage checks and to run the operational 
"smoke” test. When it was all hooked up, every¬ 
thing worked as expected. 

Though I was impressed with the motor that 
Heath supplies to turn the capacitor, I was a lit¬ 
tle concerned that I hadn't left enough slack in 
the capacitor's rotor and that the motor would 
have trouble turning the capacitor. Not to wor¬ 
ry: my guess is that the motor could probably 
be used to turn the Empire State Building! 
There's plenty of torque, with some to spare. 
The motor gear drive lube is specified for oper¬ 
ation over - 40 to +60 degrees. 

installation 

The remote matcher is designed to be mount 
ed at the antenna feedpoint. If you're design 
ing a dipole, the remote matcher can be used 
in place of a center insulator. It's too heavy, how¬ 
ever, to be used without support and should ei¬ 
ther be mounted on the side of a tower or 
suspended from a catenary wire. 

Here's a typical installation you might use with 
the remote matcher. Cut an antenna to the mid¬ 
dle of the 80-meter band. By formula, each leg 
of the dipole will be approximately 64.3 feet. 
(Heath recommends that you add an additional 
15 percent in this case, 9.6 feet — to the 
length of each leg.) Each leg of the dipole be¬ 
comes 73.9 feet long. Installation proceeds as 
with any other dipole, except in that the remote 
matcher takes the place of the center insulator. 
When the antenna is installed, the capacitor is 
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used (o tune out the reactive inductance of one 
leg of the antenna as you move away from the 
design frequency. This allows the transmitter to 
see close to a 50-ohm impedance over a wider 
portion of the band. This “magic" is accom¬ 
plished by varying the capacitor over its tuning 
range and adjusting for minimum SWR. 

Heath includes instructions on using the re 
mote matcher with inverter! Vs and bottom fed 
verticals of both single and multi hand designs. 

tuning and adjustment 

Simply hook the remote unit up according to 
Heath's ins true (tons and you're ready to go. If 
you have a linear amplifier, don't use it during 
tuning of any antenna; you could damage both 
the remote matcher and the amplifier 

Key the transmitter in CW on the bottom of 
the hand you want to use and turn the remote 
capacitor until yon have a minimum SWR read 
ing. it's a good idea to tune up the whole band 
and make yoursell an SWR chart to refer to so 
that you'll know approximately what SWR 
you he looking for as the antenna nears res 
onanee, 

Ouoling from Heath's instruction manual; 
when the antenna is properly tuned at the low 
end id (he hand with the Antenna Matcher ad 
justed (or minimum SWR, the Variable cap act 
tor should he between 2 '3 and 3/d meshed. You 
do not want a situation where the capacitor is 
either fully dosed or fully open 1/ (he capacitor 
is fully dosed when tuned for the tow end of the 
band , the antenna is too long. On the other 
ha nil it the capacitor is fully open at the high 
end of the hand, the antenna is too short. 

other applications 

With the addition of a tapped coil and relays, 
you can use the Remote Matcher as a multi band 
tuner. Consider the application discussed by 
Jack Belrose, VE2CV, in a ham radio article 
("The Half-Delta Loop") in May. 1982. In a 
follow-up at tide written with Doug DeMaw and 
published in QST (September, 1982). the idea 
was further pursued, with actual on-the-air test¬ 
ing. The antenna was led with a remotely tuned 
LC network (with variable C and tapped l see 
fig. 2). The problem in replicating this antenna 
was locating a suitable remotely tuned capaci 
tor The SA 2550 seems to be designed with this 
project in mind. 

Using a tuning network with the same con 
figuration, you can tune a variety of different an 
tennas for full and mufti band performance. 
Folded uni*poles, base fed verticals. Bob tail 
Curtains, and loops of all kinds ate just a few 
ol the examples of antennas that can he used 
with this remotely controlled capacitor. 

While not inexpensive ($149.95), the Heath 
SA 2550 represents a great value for anyone 
who’s looking for a way of remotely tuning an 
tennas. I had fun with this project and look for 
ward to trying out all my antenna ideas before 
too much snow flies. See you on the bands! 
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MAGNET MOUNTS 

For HT owners operating inside a vehicle and want* 

Ing increased T/R range. RF PRODUCTS has the low 
cost solution. 

Remove your 8NC anlenne from the HT and mount 
on the RF PRODUCTS BNC magnet mount. Install the 
magnet mount on the roof lop and connect the BNC 
co-ax connector. 

The magnet mount (part no. 199-445) has 10 feet of 
small (5/32*) co-ax with BNC coneclor attached. 

PRICE $15.95 M.O. or cashiers ck. t vfa UPS gnd. Ffa. 
residents add 5% tax, for air UPS add $3.25 

The RF PRODUCTS Magnet Mounts are one of the few mounts available that can be repaired 
should the co*ax cable be damaged. The large surface area capacitance disc provides proper 
ground plane coupling for 1/4 and 5/3 wavelength VHF and UHF antennas. 

MODELS AVAILABLE WITH THE FOLLOWING CONNECTORS & CO-AX TYPES. 

ANTENNA CONNECTORS: BNC. TNC, 1 1/8* (MOT.). 5/16-24 STUD, 3/8-24 SOCKET. 

CO-AX CABLE: RG-122/U, RG-58A/U, mini 9X. m 

TRANSCEIVER CONNECTORS: BNC, TNC, PL-259, type N. 


RFPRODUCTS 

P.O. Box 33. Roc kludge. FL 32955. U.S.A. (305) 631 0775 




























Increase your Code Speed the FUN Way 

with 

Station Manager/CodeTutor 

Randomly generates words eliminat¬ 
ing the problem of tape memorization. 

Select you own speed and tone 
5-50 wpm 400-1300 Hz 

Designed for the IBM - PC (B \ XT“>, PC 
Menu driven, prompts for easy 
use; full color displays: 

$15.95 + $3.00 shipping 

Ohio residents include sales lax 

OMEGA CONCEPTS, INC. 

Professional software for the Radio Amateur™ 

P.0. Box 815 H T.L, Jones (KB80A) 

Troy, OH 45373 
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IBM is a registered trademark of International Business 
Machine Corp. 
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fig, 2A. The half-delta loop. {Reprinted with permission from QST, September, 1982, 
page 31.) 
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packet repeater controllers 

Pac-Comm has announced the release of its 
new DR-series of packet repeater controllers. 
The DR-200 dual-port controller provides an in¬ 
expensive, off-the-shelf packet switch to move 
traffic on inter-LAN networks. The DR-100 pro¬ 
vides basic, single-port controller capability in a 


ruggedized package at low cost, and is well suit¬ 
ed to applications in which a single-frequency 
repeater is appropriate. 

Both units share the same digital design , 
which provides a Z80 CPU with up to 32k bytes 
of EPROM program storage and up to 32k bytes 
of RAM for buffering, configuration parameters, 
and other functions. Packet HDLC operations 
are handled by a Z8530 Serial Communications 
Controller. 

The DR-200 has two independent 300/1200 
baud modems using the AMD 7910 World 
Chip™ modem. Each modem channel also has 
a standard disconnect header for accessory mod¬ 
ems. Both channels have PTT line time-out- 
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products 


timers and the CPU has a watchdog timer Both 
models support two methods for communica¬ 
tion with external terminals. 

Several versions of dual-port software adapted 
to the DR 200 .are available through Pac Comm, 
The "Dual Port Digipoator" program written by 
Jon Bloom, KE3Z, uses an easily implemented 
routing algorithm based on default SSID's and 
an explicit routing table. The single or dual port 
version of the "AX.2b Level 3 Packet Switch" 
program by Howie Goldstein, N2WX. is availa 
hie tor both the DR 100 and DR 200 The other 
single-port program is an adaptation ol Pat; 
Comm’s Version 1.1.3 that provides standard 
AX.25 Level 2, Version 2 digipeater support All 
software has been enhanced to utilize the op 
nonal serial ports lor setting site specific 
parameters. Any one of these programs may be 
selected with the purchase of a Pac Comm dig 
rtal controller and will be provided at no charge, 
additional copies are available for the cost ol 
reproduction and do c trmontation 

At press time, the DR 100 Single Port was 
pn c ed at $79.95 (k 1 1) and $99 (assembled) TI\e 
DR 200 Dual Port was priced at $139,96 (kit) and 
$159.95 (assembled); final prices may he sub 
ject to variation because of changes in the semi 
conductor market. 

For complete details, contact Pac Comm 
Packet Radio Systems, Inc., 3662 West Cypress 
Street, Tampa, Florida 33607 
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ICOM IC-03AT 220 MHz 
handheld 

ICOM has announced the release of the 
1C 03AT, a new 220 MHz counterpart to its 
1C 02 AT and 1C (.MAT top-of-the line handhelds 
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The “Generation Gap” is filled with the “new“ EXPEDITOR,-the 
microprocessor based R.F. AnaDigit System. 

The EXPEDITOR power computer...you make the demands, it fills 
the requirements. 

• Programmable forward AND reflected 
power ranges." , 

• Can be used with the elements you < 

now have. 

• Compatible with all Coaxial Dynamics 
line sizes and power ranges. 

• 18 scales from 100 mW to 50 kW. 

Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. C f 



COAXIAL 
DYNAMICS, INC. 

15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 c 2 r " 

Service and Dependability.. .A Part of Every Product 
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Whit? You haveft't seen the FREE DICK SMITH 
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Ham Radio 
Photo Wall 
Calendar 

Your daily 
reminder of 
radio events... 
Great for home . 
office , shock, 
or as a gift! 

Now, a calendar 
for radio hams! Operating events, limes 
radio history dates, plus 10 pages of ref¬ 
erence data. B/w photo for each month 
shows excitement of ham radio to all! 
Calendar is 1 1x17“ (unfolded) and spiral 
bound to hang flat. Allow 2 weeks ARC 

Send S 0 .<^(U.S.,Vl; r XE) S 14.00 for DX 
Wiite for discounts starting quantity of 5 
KBIT Box 1015-11 Amherst, Nil 03031 
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The IC-03AT features 220-224.995-MHz cover¬ 
age, an LCD readout, DTMF, 2.5-W output (5W 
optional), ten memories, memory scan, program 
scan, and 32 built-in subaudible tones. It comes 
with an IC-BP3 rechargeable battery pack, AC 
wall charger, belt clip, wrist strap, and earphone. 

For information, contact ICOM America, Inc., 
2380 116th Avenue N.E., Bellevue, Washington 
98009-9029. 

Circle 1303 on Reader Service Card. 

1.3-GHz shirt-pocket 
frequency counter 

OPTOelectronics, Inc. has introduced the 
model 1300H frequency counter. With an ano¬ 
dized aluminum cabinet measuring only 3-1 12 x 
4 x 1 inches, the new unit includes self- 
contained, rechargeable Ni-Cad batteries, a sig¬ 
nal measurement range of 1 MHz to over 1.3 
GHz, 8 red 0.28-inch high LED digits, and a BNC 
signal input connector. Switches are provided 
for AC or battery operation, fast or slow gate 
time, high or normal sensitivity and range select: 
1-500 MHz or 500-1300 MHz. Resolution to 1 kHz 
in 0.25 seconds or 100 Hz in 2.5 seconds over 
the entire range. Accuracy to + 1 count LSD is 
achieved with an RTXO time base. Additional 
features include a "measurement in progress" 
indicator, calibration adjustment without the 
need to open the case, and excellent sensitivity. 

Priced at $150, the 1300H comes equipped 
with internally installed Ni-Cad batteries and a 
110 VAC/9 VDC adapter for AC operation and 
charging batteries. Optional accessories include 
a carrying case, probe and telescoping antenna. 

For details, contact OPTOelectronics, 5821 NE 
14th Avenue, Fort Lauderdale, Florida 33334. 

Circle 1304 on Reader Service Card. 

C-band/Ku-band receiver 

Luxor North America Corporation has in¬ 
troduced the 9993 C/Ku Receiver, a new mid-line 
block satellite receiver. Decoder-compatible, it’s 
designed to give optimum performance on both 
C-band and Ku-band. 

It has a crisp, bright green front panel LED for 
display of all basic functions, built-in remote an¬ 
tenna control with three-digit display and a dig¬ 
ital signal strength meter. 

The 9993 is easily operated by a hand-held, 
35-key, full-function, remote control. A three- 
digit code for lock-out of undesirable channels 
is controlled via the remote unit. Built-in remote 
polarity control offers convenience; non-volatile 
memory is unaffected by power loss. 

Video features include functional compatibil¬ 


ity with most popular signal decoders, and an 
optimal Tl (terrestrial interference) filter opera¬ 
ble by remote control. Built-in AFC maintains op¬ 
timum signal reception on each channel; fine- 
tuning can be executed from the remote. The 
9993 also has outputs for both tv set and 
monitor. 

Audio features include monaural, discrete, and 
matrix stereo formats, a three-digit display to in¬ 
dicate tunable audio frequencies, wide and nar¬ 
row bandwidth switchability, and volume control 
and muting from the hand-held remote. 

For details, contact Luxor North America Cor 
poration, 600 108th Avenue N.E., Suite 539, 
Bellevue, Washington 98004. 

Circle #305 on Reader Service Card. 

plug-in CTCSS for 
handhelds 

Communications Specialists, of Orange, 
California, is currently expanding their fine of 
programmable CTCSS tone equipment that will 
plug directly in to many popular two way radios. 
Two recent additions to this line — adapter kits 
for the Standard Communications and TAD 
USA handhelds — utilize the new TS-32HB 
hybrid-sized encoder-decoder. The Standard 
734L/834L may now use a TS-32HBL (low pro¬ 
file) encoder decoder and a 01-1030 adapter 
plug. The TS32HBL is priced at $64.95 and the 
01-1030 adapter is $7.50. 

The TAD M1520-454 uses the TS32HBH (high 
profile) encoder-decoder and 01-1031 adapter 
plug. The TS32HB used in these applications 
employs the popular DIP switch programmabil¬ 
ity first introduced in 1979 with the company's 
larger TS-32. The TS32HB uses state-of-the-art 
hybrid packaging to obtain its small size. A 
crystal-controlled clock oscillator provides sta¬ 
bility under all conditions, and sensitivity is rat¬ 
ed at 6mv RMS for use with the lowest output 
receivers. The adjustable sinewave output is ac¬ 
curate to within ±0.5 Hz at a level of 6 volts 
peak-to-peak across 10k. 

For details, contact Communications 
Specialists, Inc., 426 West Taft Avenue, Orange, 
California 92665-4296. 

Circle /306 on Reader Service Card. 
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looking ahead to the year 2000: 

13 more exciting years for Amateur Radio 

In last December's "Reflections" we reviewed the past 13 exciting years of Amateur Radio as reported in HR Report and 
Presstop . It's hard to appreciate the extent to which Amateur Radio can change in such a short period until you see it sum¬ 
marized on one crowded page. But as the old saw has it, "You ain't seen nothing yet!" 

The art and practice of radio communications has been in a state of flux since even before Hertz, Fessenden, Marconi, 
and a cast of dozens more started seriously experimenting with "the ether" toward the end of the last century. That's cer¬ 
tainly not going to change as this century draws to a close. Look for smaller, smarter, more sophisticated, more efficient 
versions of the kinds of hardware (not to mention embedded software) we're enjoying today — that's inevitable. And, of 
course, there'll be comparable new technologies. Just as we've seen a tremendous increase of interest in and use of AMTOR, 
packet radio and, to a degree, spread spectrum (which, by the way, we in Motorola's Military Engineering Division were 
examining as an option for "secure battlefield communications" a quarter of a century ago), the next 13 years are sure to 
see the incorporation of both yet — unthought — of new techniques and revolutionary new applications for well-established 
techniques. For example, one need go no further than AMSAT's exciting Phase 4, which calls for a geostationary satellite 
(or satellites) uplinked through "gateway" stations all over the globe. Eventually, a handheld-equipped Amateur operating 
from almost anywhere will be able to call — selectively — any similarly equipped Amateur virtually anywhere else in the 
world at any hour of the day or night! 

However, it's not in the hardware end of Amateur Radio that the most revolutionary things are likely to happen, but in 
the perception and application of the Amateur Service itself. Like it or not — and this is a trend that's already upsetting 
a number of thoughtful, dedicated, active, Amateurs — much of what Amateur Radio is today is going to change drastically 
or even disappear by the year 2000. Examples of some of these possible new directions may be found in the FCC's Working 
Paper 20: Alternatives For Improved Persona! Communication, which was released last September. Authored by Jim McNal¬ 
ly, WB3APV, of the FCC's Office of Plans and Policy, this provocative study begins with the assumption that there is a 
need for some form of reaaily available "personal communication." Furthermore, it asserts that this need is not being met 
by any current radio service — namely cellular radio or other common carriers, Amateur Radio, 27 MHz CB, or GMRS (for 
which McNally also holds a license). 

This need, greatly stimulated by the CB explosion of the 1970s, isn't going to go away. If anything, it's going to grow, 
and services that are unwilling or unable to adjust themselves to accomodate at least some of that need are going to lose 
— both frequencies and support — to those that do. 

What this means to Amateur Radio is that we're going to have to learn to take advantage of this evolution rather than 
fight it. McNally suggests, for instance, allowing an Amateur's family members limited access to some VHF or UHF frequen¬ 
cies, using the Amateur's callsign. At the same time, there'd also be a correlated relaxation in the limits of "permitted 
communications." Maybe — at last — we'll even be able to use the autopatch to order a pizza or warn the boss we'll be 
late for work because of a traffic jam! 

Of course, the concept of the Amateur as an experimenter and/or professional communicator isn't going to go away. 
If anything, it's likely to expand as a more broadly conceived Amateur Radio Service attracts a more diverse group of users 
who can bring new skills and applications to what is, even today, too widefy perceived as a narrow, elitist hobby. Though 
the popular image of an Amateur cloistered in his basement workshop, punching holes for a new rig in a bread pan chassis, 
will fade before a growth pattern dominated by entry-level "Communicators" talking through UHF handhelds, there'll still 
be plenty of room for EME or meteor scatter experimenters, hf traffic handling and DXing, and the kind of all-encompassing 
technological sophistication that created OSCAR 10 and conceived Phase 4. 

Though all this may seem to be radical "pie-in-the-sky" fantasizing to some Amateurs, consider the following: greatly 
enhanced Novice and Tech privileges are in process at the FCC and may well have been adopted by the time this issue 
leaves the press. Furthermore, though code-free Amateur license proposals have been knocked flat a couple of times, the 
concept of further relaxing entry-level Amateur code requirements isn't "out." The Amateur community has demonstrated 
to the FCC that it is fully capable of running that most vital function of the Amateur licensing program. Amateur examina¬ 
tions. As a result, the Commission is now seriously considering delegating responsibility for issuing Amateur callsigns to 
the private sector. The long-term implications of this seem obvious — ever-increasing responsibility for self-maintenance 
and operation, by the Amateur service. 

The logical result of all this could very well be — even before the year 2000 — a larger and broader-based, self-administered 
Amateur Radio Service. Are we ready for such radical change? I hope sol 

The next 13 years promise to be most interesting ones for Amateur Radio. Unfortunately, based on the current age profile 
and the actuarial tables, a shocking proportion of us won't be around long enough to see the new century in and, conse¬ 
quently, all these exciting new developments in Amateur radio, come to pass. I hope I am, and I hope you will be as well. 

Joe Schroeder, W9JUV 
Associate Editor 
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comments 


welcome KB2BRL 

Dear HR: 

My name is Colleen Brady, 
KB2BRL. I am only 10 years old! 

I first got started in learning to be a 
Ham this past summer. My Dad is an 
Amateur and I thought that it would 
be great to get a license too. I wanted 
to get my license before, but I still 
needed some more math in school. I 
have been working on code for a cou¬ 
ple of years, but really did serious 
studying this past summer. 

When I started to learn the theory 
I was surprised that we were covering 
some of the same things in school. My 
fifth-grade class was studying powers 
of 10, and I found out I had a use for 
them. Now I can note my frequency 
or even understand what a milliamp is 
by using 10 to the - 3. I told my teach¬ 


er, and I had the chance to explain 
how this math can really be useful, and 
that I was studying to get my license. 
Another area that I can use both at 
school and at home is geography. 
Now not only can I learn maps and 
countries in school, but I can use them 
at home too. On only my third contact 
I had a QSO with HK3IKP in Bogota, 
Columbia. The other kids in class have 
studied SA and Columbia, but I have 
had the chance to talk with Columbia! 
I am doing a Science report on sun 
spots, because we have studied these 
in school. My report will be a bit differ¬ 
ent than the others, since mine will talk 
about sun spots and propagation with 
radio waves. I guess there are some 
things in school that you can use. 

In my first month as an Amateur I 
have had the opportunity to talk with 
22 states and two countries. It seems 
that every time I get on there is a new 
place to look up on the map. Now I 
look forward to receiving QSL cards in 
the mail from these contacts. When 
learning the Morse Code I found it to 
be difficult at first. Now, even though 
it is still difficult at times, it is a lot of 
fun, and I look forward to making yet 





mams® 




another QSO using this form of com¬ 
munications. 

I feel I'm a lot luckier than other kids 
who may want to become a Ham, My 
Dad, WB2WPM, already has all the 
equipment. We operate a Kenwood 
TS-440S, a Cushcraft A-3 Triband, 
and dipoles for 40 and 80 meters. 
There's a lot of other equipment too, 
but until I upgrade I won't be able to 
use it. I am looking forward to finding 
an upgrade class this fall so I can get 
my General class license. 

In the picture enclosed you can see 
my good friend "Lasagna," our 
6-month-old Cocker Spaniel. Besides 
my Dad, my Mom has her Novice 
license too, KA2TDG. My 8-year-old 
sister has an interest in being a Ham 
too. In a year or so I will be able to start 
to teach her the things she will need 
to know, so she can have a license 
too. 

Colleen M. Brady, KB2BRL 
East Aurora, New York 14052 

wanted: M800 RTTY 
program 

Dear HR: 

Does anyone have an M800 RTTY 
program for the TRS80 Model 3 that 
they're willing to share? 

Bernard Gayrard, F6HGB 
"Lou Bouls" Laa-Mondrans 
64300 Orthez, France 

HORANT for CP/M 

Dear HR: 

Regarding the HORANT program in 
the October, 1986, DX Forecaster 
(page 92), I'm sure that you've 
received many comments on the foot¬ 
note giving a substitute for ARC SIN 
(ASN). I use a CP/M version of 
MBASIC; substituting 
ASIN(Y) - ATN(Y/SQR(1 - Y*YJJ 
works fine. Looks like a useful pro¬ 
gram. Thanks. 

Jack G. Hines, K4GIO 
Vienna, Virginia 22180 
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Access the 
world’s first 
flying mailbox 
with your TNC 


a packet radio PSK modem 

for JAS-1/FO-12 


JAS-1, or "Fuji," the first totally Japanese 
Amateur Radio satellite, was launched flawlessly on 
August 12th, 1986, from Tanegashima Space Center, 
located on an island off the southern tip of Japan. It 
carries two transponders: a traditional one for voice 
and CW, and a second that functions as the first 
spaceborne store-and-forward packet radio mailbox. 
In orbit a thousand miles above the earth, it's inclined 
at 50 degrees to the equator, with a period of 120 
minutes, offering users an aggregate 2 hours of com¬ 
munication per day. 

Suppose you want to send a message to someone 
halfway around the world. You simply send a mes¬ 
sage to the mailbox, and in less than an hour it's avail¬ 
able for retrieval by your addressee. 

equipment 

What do you need to use the mailbox? In fig. 1 
you'll see that four components are required — a pair 
of radios, a modem, an AX.25 protocol Terminal Node 
Controller (TNC) and a terminal. Regular OSCAR users 
with packet radio stations will have everything shown 
except the box labeled "modem." Terrestrial pack- 
eteers will certainly have the 2-meter equipment and 
may well have 70-cm SSB receive capability, togeth 
er with a steerable Vagi. Elevation rotation is highly 
desirable, but by no means essential; much of any 
20-minute satellite pass is low enough to be within the 
vertical beamwidth of even modest antennas. 

Few stations, however, will have the special FO-12 
modem. The built-in Bell 202 1200 Baud AFSK mod 
em (modulator/demodulator} found in standard TNCs 
cannot be used with JAS-1/FO-12. You'll have to dis 



I Pnoto A. Launched in August, 1986, J AS-1 ("Fuji*’) carries an 
AX.25 packet radio mailbox. (Photo courtesy JARL) 

By James Miller, G3RUH, 3 Benny's Way, 
Coton, Cambridge, CB3 7PS, England 
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TUNING (AFC) 



ANTENNAS RADIOS 

fig. 1. Basic packet station requires addition of special modem for direct JAS-1 operation. 


connect the internal modem and substitute an exter- ■ 
nal modulator/PSK demodulator such as the one 
described in this article. This isn't particularly difficult. 
Just build the circuit, link it to your TNC with only four 
or five wires, adjust the audio connections, and the 
global mailbox is yours to enjoy! 

Note: this modem is suitable for your TNC only if 
your TNC's interna! modem can be bypassed . Both 
the TAPR-1 and TAPR-2 designs allow this (as evi¬ 
denced by the HD-4040, AEA's PKT-1 and PK-80, Pac- 
Comm's TNC-200, GLB's TNC2A, and the MFJ 1270, 
for example). 

If your TNC isn't based on the TAPR design, you 
may nevertheless be able to intercept the RXdata, 
TXdata and TXclock from their internal modem by cut¬ 
ting tracks. If this appears to be impossible, your best 
option may be to build a TAPR TNC-2 kit and inte¬ 
grate it with this JAS-1 /FO-12 modem, thereby creat¬ 
ing a satellite-dedicated TNC. 

link format 

* 

For reference, here's a brief technical summary of 
the JAS-1/FO-12 link format. I'll explain unfamiliar 
terms as we go along: 

You receive on 435.910 MHz, SSB/CW mode, in 
a 2.4 kHz bandwidth. The doppler shift will be up to 
±8 kHz, and there is a rate of change up to 40 Hz 
per second on the highest elevation passes. You trans¬ 
mit on 145.850, 145.870, 145.890, or 145.910- MHz fm; 
doppler shift correction is unnecessary. An uplink 
effective radiated power of 100 watts (for example, 

10 watts to a 10-element Yagi) is quite sufficient. 

The uplink modulation is fm; the downlink is Phase 
Shift Keying (PSK). Data rates are 1200 bits per sec¬ 
ond, normal packet NRZI, except that the uplink is 
exclusive/ored (EXORed) with its own 1200-Hz clock. 

modem description 

This modem has been designed with as much flexi- 



Photo 8. G3RUH packet radio/sateifite station. System com¬ 
ponents are linked as shown in fig. 1. 

bility as possible so you can tailor it for your particu¬ 
lar application. As illustrated in fig. 2, it consists of 
an uplink modulator, a downlink demodulator, an au¬ 
tomatic UP/DOWN tuner to track changing doppler 
shift on receive, and power supplies. Table 1 lists the 
modem's specs. 

The uplink modulator till and U6) takes the signals 
TXdata (transmitted data) and TXclock from the host 
TNC and combines them into the TXaudio (transmit 
audio) signal for the 2-meter fm transmitter. As shown 
in fig. 2, signals flow from right to left. U1 pins 3 and 
11 are used as non-inverting buffers. Diodes D1 and 
D2 prevent U1 from overloading the TNC when the 
modem is switched off. Note that the modulator ICs 
use a 5-volt, rather than a 12-volt, supply. 

From a TNC-1, TXclock is at 32 times the bit rate. 
For a TNC-2, it's 16 times, so link LKC selects the cor¬ 
rect division ratio from divider U6. The 1200-Hz clock 
produced at test point TP4 is kept in phase with the 
data stream by resetting divider U6 on every data tran¬ 
sition. This is done from U1 pin 10 and R6-C1, which 
generate short 16-^second pulses. Clock and data are 
EXORed (this is called "Manchester Coding") in U1 
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fig. 2. PSK packet radio modem schematic. Modem consists of uplink modulator, downlink demodulator, automatic 
UP/DOWN tuner, and power supplies. 
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pins 5 and 6, and the 5-volt peak-to-peak signal at U1 
pin 4 is then filtered down to about 30 mV. You can 
reduce the output voltage if necessary by increasing 
R3. Superimposing a 1200-Hz clock on the data in this 
way simplifies the satellite's own electronics con¬ 
siderably. 

Note: you may recognize Manchester coding as just 
PSK in disguise! You can, therefore, use this modem 
for experimental PSK communication. This subject will 
be addressed under the heading, "use for terrestrial 
PSK packet" below. 

Considerable effort has gone into the development 
of the downlink demodulator in order to meet the goals 
of elegance, robustness, simplicity, ease of alignment 
and testing, minimum number of discrete compo¬ 
nents, and proper matching to the FO-12 signal 
characteristics. While it owes its origin to my earlier 
OSCAR-10 demodulator, 1 it was, in fact, not actually 
selected until a number of other candidates — both 
simpler and more complex — had been evaluated. 

In contrast to conventional local packet radio, which 
uses two tones (AFSK) to signal binary 0 or 1, FO-12 
uses PSK modulation. The carrier signal PHASE is 
changed 180 degrees (inverted) when a change in bi¬ 
nary level is signaled. You can think of this as using 
a phase of + 90 degrees for "0" and - 90 degrees for 
"1," or vice versa. Either is acceptable because the 
TNC is interested only in changes. 

To demodulate phase-shifted signals you need a 
phase reference and a phase detector. ICs U7, U8, U9 
and U11 recover this reference "carrier" (available at 
TP1) from the signal. EXOR gate U7 pins 1 and 2 form 
the phase detector, the output of which is filtered 
(TP3), limited, level shifted and output to the TNC as 
RXdata. 

A simple phase-locked loop (PLL) can't be used to 
recover the carrier from a PSK signal because with ran¬ 
dom data there's no discrete frequency available for 
a loop to lock onto. Most PSK demodulators have to 
rely on some non-linear multiplicative processing in¬ 
stead. The recovery circuit used here is a digital 
"squaring loop." 

U4 pins 2, 3, and 1 are a limiter, which simply makes 
all subsequent signal processing digital. The limited 
signal is multiplied by itself delayed by 1 /4 cycle. The 
delay is provided by 4-bit shift register (U8), which 
samples the signal at its pin 7 and is clocked at 16 times 
the carrier frequency. The multiplication happens in 
EXOR gate U7 pins 5 and 6. This creates (at U7 pin 
4) one cycle of twice the carrier frequency for every 
zero crossing of the signal. Mathematically we can say 
the signal is: 

cos (o)I±~y~) , 

with the + or - corresponding to data 0 or 1. So the 


effect of this multiplication is (ignoring amplitude): 

cos (u)t ± X sin (cot ± -2L_ j = 

.2 2 

sin (2ojt ± tt) — sin 2cot 

or 

signal x delayed = constant phase at 2 co 

The phase-locked loop U11 runs at 16 times carrier 
frequency. With associated divide-by-16 U9, it locks 
onto U7 pin 4's double frequency signal, providing a 
smooth recovered carrier at U9 pin 11. Wide and nar¬ 
row loop bandwidths can be selected with switch SI 
to facilitate initial signal acquisition (use optional). 

Recovered carrier, which will be around 1500 Hz, 
is applied to phase detector U7 pin 2, together with 
the received signal at pin 1. If they are (for example) 
in phase, U7 pin 3 will go low, with residual noise be¬ 
ing smoothed away by R30-C3. The following op-amp, 
is used as a comparator/limiter, which then drives 12 
volts to the TTL level converter, U2. Signal RXdata 
then goes off to the TNC. 

Two additional circuits complete the demodulator. 
It's valuable to have a "LOCK" indication. A simple 
EXOR gate, U7 pins 8 and 9, provides this by multiply¬ 
ing the PLL stimulating doubled-carrier frequency sig¬ 
nal by the recovered If signal from divider U9 pin 12. 
When locked, U7 pin 10 goes high. U4 pins 5 and 6 
form a threshold detector, which then drives LED L4 
via Q1. 

When not in mailbox mode, the satellite sends 
telemetry in Morse code on 435.795 MHz. Spare gate 
U10 pins 8 and 9 have simply been wired to provide 
a regenerated Morse output for (optional) computer 
use. 

With the exception of output buffer U2, the 
demodulator operates from 12 volts. 

This PSK demodulator is completely aperiodic. Its 
operating frequency is set by VR1, and could in prin¬ 
ciple operate at the i-f. As shown it tunes from ap¬ 
proximately 700 Hz to 70 kHz. The tracking bandwidth 
is set by R29, and is nominally ±250 Hz. Designed 
loop bandwidths are 20 Hz and 100 Hz, with a damp¬ 
ing factor of 0.7. Data rates faster than 1200 Baud are 
accommodated by reducing R30 accordingly. 

auto-tuning 

The received signal frequency changes considera¬ 
bly as a result of doppler shift; a total swing of 16 kHz 
is typical, with rates of change peaking at 40 Hz per 
second. Tuning a receiver by hand, maybe even ad¬ 
justing rotators at the same time, and operating a data 
terminal keyboard clearly poses some logistic 
problems! 

A solution is provided in the auto-tune circuits, 
which work by activating the UP/DOWN signals of 
your receiver. They are designed to suit all known 
ICOM, Kenwood, and Yaesu standards. All differ, 
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RAO 10 PORT 


RADIO CONNECTIONS 


fig. 3. Typical JAS-1 installation, showing connections between radio, modem, and TNC. 


Table 1, JAS-1 FO-12 Modem PCB specifications. 
Modem: 

Downlink: input 50mV to 5 volt rms RX audio. PSK demodu- 
lator to TTL digital. 1200 bps. 

Uplink: 1200 bps Manchester encoding modualtor to Mic level 
(about 30 mV p-p) TX audio. RX carrier LOCK LED indication 
Selectable loop bandwidth. Morse code regenerator. 

Connects to AX.25 TNC MODEM DISCONNECT jack. Suita¬ 
ble for TAPR TNC-1 or TNC-2, (and any other, provided the in¬ 
ternal modem can be bypassed). TNC digital connections needed 
include TXcjata, RXdata(in), RXdata(out), TXclock, GND. 

Digital AFC: tracks changing doppler shift via the UP/DOWN 
signal lines of your RX rig. Designed for all known ICOM, Ken* 
wood, and YAESU standards. Adjustable for 10 100 Hz per step. 
Positive pulses, negative pulses, and ICOM bi-level. Tracking 
ON/OFF switch. Manual tuning indication by LEDs and center- 
zero meter. 

Set-up: three preset pots —• for PLL frequency, local 6-volt 
supply, and UP/DOWN tuning gain. 

Power: ac line, built-in PSU; 12-volt ac input; or 12*14 volts 
dc, a 40 mA. 

PCB: 160 by 100 mm (single eurocard} double-sided, plated- 
through, labeled with instructions. Standard CMOS and LSTTL 
used. No hard-to-get parts. 


even between models from the same manufacturer. 
The VCO tuning voltage (about 20 mV/Hz) from 
U11 pin 2 is amplified by U5 pins 2 and 3, which 
have gain adjustable from xl to xIO by VR3. This op- 
amp also drives a center-zero tuning meter. After filter¬ 
ing by R26-C23, the voltage (which increases for fall- 



Photo C. Interior and backplane view of modem, showing 
connectors to radio, TNC, and terminal. 

ing frequency) is offered to two comparators, with 
upper and lower thresholds set by resistor chain 
R11-R2-R4-R12, 1.28 volts above and below the 6-volt 
reference. When exactly on tune, outputs U5 pins 7 
and 8 are low. If off tune, then the appropriate com¬ 
parator output goes high. 

U10 pins 1, 2, 5, and 6, if enabled by Tune ON 
switch S2, pass the signal via 12 volts to the 5-volt 
level shifter U2 to the open collector hex inverter U3, 
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Table 2. 

Parts list. 

Cl 

0.0OVF, 10 percent 

C2-13 

O.OljxF, 10 percent 

C14 

0.0022^F, 10 percent 

Cl 5-20 

0-VF, 10 percent 

C21-23 

IjiF 16-volt tantalum 

C24 

470**F 25-volt 

CZ5 

560 pF, 5 percent 

CR1-4 

1N4004, etc. 

D1-2 

1N4148, etc. 

DS1-4 

LED 10mA 

J1 

Standard 20-pin IDC Male PCB header, straight (ver¬ 
tical) or right angle. Straight: RS 471-058, 3M 
3428-6202J L or 3592-6002JL, Ansley 612-2024 or 
609-2027. Right-angle: RS 471-137, 3M 3428-5202JL 
or 3592-5002JL, Ansley 612-2004 or 609-2007, and 
many others — e.g. Fujuitsu, Berg, ITT Canon, BICC 
Vero, etc. 

J2-J11 

Terminals (about 30) for external connections. Can also 
use 0.1 -inch pitch (center to-center hole pattern) SfL 
connectors, (1x2 pin, 5x3pin, 1x4pin, 2x5pin, IxIOpin). 

Ml 

± 100 f(A meter, RS 259-549, Farnell 143-510 

Q1-3 

BC107, 2N3904, etc. (NPN) 

R1-R4 

270 k 

R5 

1.8 k 

R6 

22 k 

R7-9 

4.7 k 

RIO-13 

1 M 

R14-17 

1.5 k 

R18-20 

15 k 

R21 

10 k (all resistors are 5 percent) 

R22 

1 k 

R23-26 

100 k 

R27-29 

470 k 

R30 

27 k 

R31 

750 k 

R32 

56 k 

R 33-35 

68 k 


R36-39, 

41,42 

47 k 

R40 

470 ohms 

SI-2 

SPDT toggle switch 

T1 

12-volt, 3VA Transformer, RS 207-829, Farnell 141-471 

TP0,1,2, 
3,4 

test points 

U1,7 

4070 Quad Exor 

U2 

4049 Hex Inverter Buffer 

U3 

74LS05 Hex inverter Q.C. 

U4-5 

TL084 Quad op-amp 

U6 

4040 12 stage divider 

U8 

4015 Four-bit shift register 

U9 

40161 Divide-by-16 (MC14161) 

U10 

4011 Quad two-input Nand 

U11 

4046 Phase Locked Loop 

U12 

78L05 5 volt Regulator 

U13 

78L12 12 volt Regulator 

VR1-3 

1M Trimmer, 3/8-inch square, flat mounting: RS 
187 321, Dubilier D79 30, A-B E2B, Bourns 3386F, 
Spectrol 63 M or 63M-T-607 


LKC, LKI are made from hookup wire 

Modular PSU is 12-volt, 100mA (RS 591-281), Farnell 147-545 and 
others. 


NOTES: 

The meter, LEDs, and switches are not mounted on the board. 

Power supply components T1, CR1-4, C16, C24, U13 (or modular 
PSU) are optional. 

Use of an 1DC connector is not obligatory. 

Capacitors; 560-pF, 0.4-inch pitch, ±5 percent polystyrene; 
C.001-0.1, 0.2 inch pitch, 10 percent dipped ceramic or polyester, 
63 to 100 volts typical. I^F, 0.2-inch pitch, bead tantalum. 470fiF 
25 volt electrolytic, 1.2-inch pitch, 1.0 x 0.4 inches. 

Resistors: Carbon film, 0.25- or 0.5-watt, 0.4-inch pitch. 


which creates two pairs of signals. These are high- 
going UP/DOWN tune signals at J4-1, J4-2, and low- 
going signals at J4-4, J4-5. All can sink up to 8 mA. 

You have to choose the set that suits your rig by 
referring to your owner's manual. For example, the 
Yaesu FT726R needs high-going signals, while the 
Yaesu FT790R uses low-going. The Kenwood 9500 
needs low-going. ICOM has a special bi-level standard 
for the IC741 and similar rigs, where a 0-volt low sig¬ 
nals up, and a 1,3-volt level means down, and neither 
(about 4.2 volts) means no action. So for ICOM rigs, 
install link LKI, and use J4-5 . . . unless the micro¬ 
phone is left connected. In this case, the link can be 
omitted, because an R40 will be connected inside the 
mic housing. 

For many rigs that use low-going pulses, the pull- 
ups R36-R39 can be omitted. You may also have to 
experiment with the Scan control settings on the re¬ 


ceiver. Some rigs tune in 100-Hz steps, others in steps 
as small as 10 Hz — hence the reason for including 
an adjustable gain control (VR3), 

power supplies 

Flexibility is provided so you can choose your own 
power supply arrangement: either 12 to 14 volts dc, 
stabilized at 40 mA, or 12 volts ac (about 0.5 VA), or 
ac mains (line) or a modular encapsulated PSU. 

If you supply 12-volt dc (probably the same as used 
by the TNC), then fit all components on the circuit di¬ 
agram to the right of U13 (i.e., C22, C5, U12, etc ). 
Connect power to J10 pins 1 and 2. Pin 3 is 12 volts, 
too, so if you use SIL (single in-line) connectors, a 
reversed plug won't lead to disaster. 

If you have a 12-volt ac supply, then connect to J11 
and fit all the PSU components shown on the bottom 
of the circuit diagram. The voltage on C24 should nei- 
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fig. 4B. PSK packet radio modem: bottom board art (side 2, shown futi-scate). 
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fig. 4C. PSK modem: component layout diagram, shown superimposed on side 1 art. Note components are placed on side 1. 



February 1987 Q3 17 


































































ther drop below 14.9 volts at full load nor exceed 22 
volts. 

The associated transformer can probably be 
screwed to the PCB, though you may feel it wiser to 
place it remotely. The board is drilled for the speci¬ 
fied T1, and also for a popular modular PSU (see parts 
list, table 2). Line voltage is applied to J9, at the edge 
of the board. 

If there is 110-volt or 230-volt ac power on this PCB, 
you must exercise caution any time the circuit is re¬ 
moved from its enclosure. 

connecting the modem to 
your system 

The modem can be connected to the rest of the sys¬ 
tem in a number of ways; the minimum requirements 
are shown in fig. 3. First decide whether you're go¬ 
ing to use connectors or hand wire it. Select the type 
of connectors and/or cable you plan to use, and where 
you're going to locate the PCB. Do you want to dedi¬ 
cate the TNC and modem solely to the satellite appli¬ 
cation? If so, you could install the PCB permanently 
within the TNC housing. Do you want to be able to 
restore instant terrestrial (normal) operation? Then 
you'll have to use a multi-pole changeover switch (S3) 
to do this, and put the modem in a properly rf- 
screened box. 

For the radio connections (speaker, mic, and PTT), 
a socket identical to the one on your TNC can be 
provided on the modem enclosure, with the signals 
passing to the changeover switch S3 and then — via 
a hand-wired connection or another connector plus 
jumper lead — to the TNC radio port. 

connecting to the TNC 

The connections necessary for replacing the TNC's 
standard internal modem with this one are provided 
on the TNC board at the so-called "Modem discon¬ 
nect Jack," labeled J5 on the TNC-1 and J4 on the 
TNC-2. There is no actual connector; the pinout was 
designed by TAPR to accept a 20-pin IDC plug if re¬ 
quired. (See table 3.) 

Four connections are essential; TXdata, RXdata(in), 
TXclock, and GND. One PCB track must be cut. A 
fifth connection — internal modem's RXdata(out) — 
may also be brought out if you want to be able to re¬ 
store standard operation with a remote switch. (See 
fig. 3). 

Ironically, there's little point in using a 20-conductor 
ribbon cable if you house the modem in an external 
enclosure, because screening ribbon is rather messy, 
and only four or five of the 20 wires are used anyway. 
However, if your new modem is placed inside the TNC 
enclosure, then it's worthwhile using. For this reason, 
a 20-conductor IDC facility, J1, has been provided on 
the PCB. But you'll probably prefer to use J2 instead. 


If an external modem is used, select your own meth¬ 
od of entry into the TNC enclosure. There are lots of 
spare pins on the RS232c D-25 wire connector — 
enough for five digital signals, plus two more for 
12-volt power. Choose your pins very carefully, check¬ 
ing that there will be no clash with the regularly used 
services. I'd suggest pins 12, 15, 17, 18, 19, and 13, 
25. Shield all the connections between TNC and the 
JAS-1/FO-12 modem. 

construction 

The ready-made PCB for this project is double sid¬ 
ed, plated through, and labeled. Full-scale artwork is 
detailed in figs. 4A, B, and C. Board and component 
sources are provided at the end of this article. 

The usual caveats apply when assembling the 
board. Use a fine-tipped iron and fine-gauge resin-core 
solder. Proceed methodically, checking each soldered 
joint for integrity immediately after you've done it. 
Sloppy soldering might send 12 volts back to the 5-volt 
TNC logic, which will give you no pleasure. I know, 
I've done itf 

Good soldering will flow smoothly through the holes 
and be visible from both sides. All component leads 
must be bright and shiny. Any junk box parts — and 
the PCB as well, if it's been handled too much — will 
probably need cleaning. 

1C sockets are strongly recommended. 

If you do manufacture your own non-plated-through 
PCB, you'll have to drill about 500 holes measuring 
0.032 inch (0.8 mm) on the small pads and 0.048 inch 
(1.2 mm) on the large. Remember'to solder every com¬ 
ponent on both sides, and note that there are 31 
through-holes to be wired. Do these first; some will 
be hidden by components. In addition, if you omit any 
components, you must also install through-wires in 
their place. Before fitting 1C sockets, make sure they're 
of a type that can be soldered on both sides (many 
can't) and carefully check for accidental solder bridges 
between adjacent pins. 

Fit components in ascending order of height: di¬ 
odes, resistors, 1C sockets, capacitors, trimmers, tran¬ 
sistors, and connectors (if you want them). Observe 
polarity of C21-C24 and all semiconductors. Do not 
install ICs yet; install them only after PSU testing. Note 
that the meter, LEDs, and switches are not mounted 
on the board. 

Wire connections to the PCB can simply be soldered 
into the holes round the board's edge. Note, however, 
that these holes are spaced 0.1 inch apart to allow for 
the optional use of SIL plugs and sockets. 

For the finishing touch, deflux the board, using a 
solvent such as 1:1:1 trichlorethylene or alcohol. Be¬ 
sides improving the board's appearance, this will help 
expose any solder defects. Further excellent advice 
can be found in reference 2, which also provides use¬ 
ful packet radio information. 
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Table 3. TNC connections. 


TNC-t 

J5 Connections 

TNC 2 

J4 Connections 

12 

TX Clock Out 

12 

TX Clock Out 

* 

Ground 

15 

Ground 

17 

RX Data In 

17 

RX Data In 

18 

RX Data Out** 

18 

RX Data Out** 

19 

TX Data Out 

19 

TX Data Out 


Cut the track between pins 17 and 18. 

^Unfortunately TNC-1 does not provide a ground pin on J5. 
Find a local point, such as the WD-1933 chip <U 17) pin 20. 
"Optional 


final checkout 

You will need an oscilloscope, an audio signal 
source and a multimeter. A frequency counter is 
desirable, but not essential. 

Assuming there are no faults whatsoever, just three 
preset pots need to be adjusted. However, you should 
also perform the further tests. The meter, LEDs, and 
switches must be wired to the PCB. Do not attach the 
TNC or radios at this stage . 

First remove all the ICs (U1-U11). Connect the pow¬ 
er supply of your choice, verifying that a regulated 
+ 12 volts is maintained at J10 pin 1. Verify that + 5 
volts is found on pin 1 of U2. Do not proceed if these 
tests fail . If they do, you have a power supply prob¬ 
lem, which obviously must be fixed first. Check for 
solder bridges or faulty or misplaced components. 

initial alignment 

1. Set VR1, VR2 and VR3 to their mid-positions. Set 
the Loop Bandwidth switch (SI) to NARROW and the 
Tune switch (S2) to OFF, 

2. With power off, insert all ICs. Switch on the pow¬ 
er, verifying that both 12-volt and 5-volt supplies are 
still present. The POWER LED should come on. Ig¬ 
nore all other LEDs. 

3. Measure the frequency at TP1, adjusting VR1 until 
this becomes 1500 Hz; frequency increases clockwise. 
TPO is a ground (0 volt) terminal. 

4. Adjust VR2 (with VR3 at mid-travel) so that the me¬ 
ter is exactly centered. 

5. Set VR3 fully clockwise, re-adjusting VR2 if the me¬ 
ter moves from center. Reset VR3 to mid-position. 
Neither UP, DOWN nor LOCK LEDs should be lit, 

6. Connect a 1500-Hz audio generator at a level of 100 
mV to 5 volts rms to the RX audio input, J3-3/4. The 
LOCK LED should light. If the frequency is high, the 
UP LED will light, with a corresponding movement of 
the meter. Vary the frequency and check that the 
DOWN LED lights appropriately. 

7. Fine adjustment of the auto-tuning UP/DOWN sen¬ 
sitivity control VR3 is done later. 


8. Now for a vital safety check: measure the voltage 
on every pin of J1, J2, J3, and J4. They should lie 
between 0 and + 5 volts. If for any reason a higher 
voltage is measured, find out why — and correct it . 
There will almost certainly be a soldering error, com¬ 
ponent failure, or incorrect component used, which 
could therefore cause extensive and expensive dam¬ 
age to your TNC or receiver. 

demodulator tests 

1. Vary the input frequency very slowly, verifying that 
the PLL stays in lock over a ±250 Hz range approxi¬ 
mately. Though the LOCK LED may go out at tuning 
extremes, the UP/DOWN LEDs will be properly lit, and 
the meter will indicate one extreme or the other. 

2. With the audio generator still connected, and with 
the LOCK LED lit, verify that the demodulator output 
signal RXdata is either high ( + 5 volts) or low (0 volts). 
Repeat several times by disconnecting the audio, and 
checking again. 

3. Now input receiver noise instead of pure audio. The 
RXdata signal should jump about at random. The 
LOCK LED will go out, and the UP/DOWN LEDs and 
tuning meter may flicker. 

4. Final demodulator testing requires a Phase Shift 
Keyed (PSK) signal. We do this when the modulator 
has been tested (see ''audio loopback," below). 

modulator tests 

1. The signals TXdata, TXclock and ground must now 
be connected to the TNC. Switch on the TNC. PCB 
link LKC should also be connected. 

2. Measure the frequency at TP4, which should be a 
1200-Hz square wave. If it isn't, check to make sure 
you've connected link LKC correctly. 

3. Examine TXdata; you should find regular data bits 
present — "Idling." 

4. Now examine the 1200-Hz clock (TP4) and TXdata 
together. Verify that data transitions are seen only 
when the 1200-Hz clock makes a negative transition. 

5. Examine the modulator output TXaudio at J3-1,2, 
which will have an amplitude of about 30 mV peak- 
to-peak. It should have a 1200-Hz clock-like appear¬ 
ance. Each change in TXdata will cause this clock to 
invert, giving rise to characteristic gaps in the trace. 

audio loopback 

1. The TNC should now be connected to a terminal. 
Temporarily link TXaudio to RXaudio (J3-1 to J3-3). 
Re-adjust VR1 very slightly counterclockwise towards 
1200 Hz at TP1 until the LOCK LED comes on, and 
fine tune exactly. 

2. You should now find that you can CONNECT to 
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your own callsign, and thereby talk to yourself at the 
terminal. Take this opportunity to study some of the 
waveforms — for example, the important U7 pins 6, 
5, 4, 1, 2, 3, and TP3. Use TP2 as a 1200-Hz negative¬ 
going scope trigger; all signals will be synchronized 
to this. Observe the effect of mis-tuning by varying 
VR1 slightly. 

3. Don't forget to return VR1 to 1500 Hz at TP 1 when 
this test is over. 

UP/DOWN tuning 

1. If your receiver tunes in 100-Hz steps, you will need 
to set the loop bandwidth switch (SI) to WIDE. For 
radios with 10- or 20-Hz steps, use the NARROW po¬ 
sition. 

2. First verify that the four up-down signals work cor¬ 
rectly. Connect a 1500-Hz audio signal to the RXau- 
dio input; set Tune switch (S2) to OFF. Vary the 
frequency up and down so that the LEDs flash. Veri¬ 
fy that there is no change on the UP/DOWN lines on 
J4. (J4-1, J4-2 will be low; J4-4, J4-5 will be high). 

3. Throw the Tune switch to the ON position and see 
that the four UP/DOWN lines change in the expect¬ 
ed manner when the frequency is varied (see circuit 
diagram). For example, if the UP LED comes on, J4-2 
will go high and J4-5 will go low. The others will re¬ 
main unchanged. Naturally, pull-ups R36-R39 must be 
installed to measure this. Wire link LKI may need to 
be connected for ICOM rigs, 

4. Place the Tune switch in the OFF position and ad¬ 
just the frequency to 1500 Hz. Now connect the ap¬ 
propriate UP/DOWN line(s) to the receiver. Turn the 
switch ON, vary the audio input frequency, and check 
that an up or a down change in displayed frequency 
results. Many rigs give a beep when this happens. 

5. Set the switch to OFF. Connect receiver audio to 
the demodulator input (J3-3) as before. Tune in a 
steady radio carrier exactly, as indicated on the tune 
meter and LEDs. Set the switch ON. Carefully change 
the receiver frequency. If the auto-tune system is 
working satisfactorily, the receiver will automatically 
retune to the original frequency. 

6. Slowly adjust the sensitivity control, VR3, clock¬ 
wise. Eventually the tuning system will burst into rapid 
oscillation, hunting rapidly up-down-up-down .... 
Reduce the gain counterclockwise until this stops and 
back off a little more. 

7. You will find that it pays to experiment with perfor¬ 
mance. You may also have to change the Scan con¬ 
trol settings of your receiver. If you have an rf signal 
generator, a spare transmitter, or a helpful friend on 
the air, you can quickly optimize performance. Other¬ 
wise you must wait for a real satellite signal with 


changing doppler shift, such as JAS-1/FO-12 in Morse 
code or digital mode, or UOSAT (145.825 or 435.025 
MHz, with your receiver set to CW mode). 

using the satellite mailbox 

Set the Tune switch to OFF and the bandwidth to 
WIDE. Locate the mode JD signal at 435.910 MHz, 
with ± doppler shift of up to 8 kHz. Slowly tune the 
receiver (in SSB/CW mode, maximum bandwidth) un¬ 
til the LOCK LED lights. Center the tuning, set the 
bandwidth to NARROW (10- to 20-Hz RX steps only), 
and set Tune to ON if required. 

Choose one of the four uplink frequencies: 145.850, 
145.870, 145.890, 145.910 MHz fm. Doppler correc¬ 
tion is not needed. The mailbox callsign is 8J1JAS, 
so establish contact (TNC in COMMAND mode) with: 
CONNECT 8J1JAS. When connected, the satellite 
responds with the prompt: JAS>. You communicate 
with single-letter commands, which may be followed 
by additional specifiers — for example: 

H Help (respond with commands' syntax) 

F Files (list titles of ten files) 

K Kill (delete specified file or files) 

M Myfiles (list titles of file or files addressed to 
current user, presumably you) 

R Read (contents of specified file or files) 

W Write (message to mailbox) 

When you are finished, return to TNC COMMAND 
mode, and DISCONNECT. 

The mailbox software can be modified by the JARL 
command station, but the above description is essen¬ 
tially correct. As you can see, it's just like a terrestrial 
mailbox. LOGIN, and let me know you're winning! 

use for terrestrial PSK packet 

You can also use this modem to experiment with 
two-way PSK modulation for terrestrial communica¬ 
tions (remember the audio loopback test?) Simply use 
the transmitter in SSB mode instead of fm. PSK offers 
at least 10-dB improvement over terrestrial AFSK on 
fm. 

The local audio carrier generated this way is 1200 
Hz, which is not at the center of most transmitter SSB 
passbands. You can change this to another frequen¬ 
cy by first breaking link LKC and then injecting the fre¬ 
quency of your choice into the adjacent test point TP4. 
Use a single-pole, double-throw switch and you can 
restore normal operation at any time. The frequency 
needed will lie somewhere in the range 1400-1600 Hz, 
at a 5-volt TTL level. 

follow-up support 

You are invited to contact me with any technical 
queries about this project. You'll get a reply by return 
mail, provided you supply a self-addressed envelope 
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9 MHz CRYSTAL FILTERS 


MODEL 

Appli¬ 

cation 

Band¬ 

width 

Poles 

Prlco 

XF-9A 

SSB 

2.4 kHz 

5 

$53 15 

XF-9B 

SSB 

2.4 kHz 

8 

72.05 

XF-9B-01 

LSB 

2.4 kHz 

8 

95.90 

XF-9B-02 

USB 

2.4 kHz 

8 

95 90 

XF-9B-10 

SSB 

2.4 kHz 

to 

125.65 

XF-9C 

AM 

3.75 kHz 

8 

77 40 

XF-9D 

AM 

5.0 kHz 

8 

77 40 

XF-9E 

FM 

12.0 kHz 

8 

77 40 

XF-9M 

cw 

500 Hz 

4 

54 10 

XF-9NB 

cw 

500 Hz 

8 

95,90 

XF-9P 

cw 

250 Hz 

a 

151 20 

XF-910 

IF noise 

15 kHz 

2 

17 15 


10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export Inquiries Invited Shipping; S3 75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands. 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 


1691*137 

269 95 

MM) 

1296-144G 

36995 

1296-144G 

189,95 

MM* 

1268-144 

289 95 

439-ATV 

94.95 

MMl 

432-28/S) 

289 95 

432*28{s) 

69.95 

MMt 

144.28(H) 

349 95 

144-28{HP) 

74.95 

MMt 

144-28 

189 95 

144-28 

54.95 

MMl 

435-28{S) 

299 95 

LINEAR POWER AMPLIFIERS 




70 cm 



144-30-LS 

144 95 

MML 

432-30-L 

219 95 

144-50-S 

129 95 

MML 

432-50 

229 95 

144-100 S 

224.95 

MML 

432-100 

- >t 439 95 

144-100-LS 
144-200 S 

249 95 

439 95 

*** 

^ ‘v ‘A _ 




2M 

MML 

MML 

MML 

MML 

MML 


ANTENNAS jj* 

2M 

I0XY-2M 574 95 

70cm 

70/MBM28 $44 95 

70/MBM48 64 95 

70/MBMBB 94 95 

DY20-900 MHz 79 95 
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LOOP YAGIS 

126B-LY 

$49 95 

1296-LY 

49.95 

169 MY 

59 95 

ordei loop yagi connecior extra 


Send 66C (3 stamps) for full details of all our VHf & UHf equipments and KVG crystal 
products 

Shipping: FOQ Concord, Mass mmmm 
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BASEBALL CAP 

How ahoul an attractive BASEBALL style cap 
that has name and call on it It gives a 
jaunty air when worn at Manifests and it is 
a great help for friends who have never 
met to spot names and calls lot easy < 
recognition Great lor birthdays, anniver¬ 
saries. special days, whatever occasion A 
Hats come in the following colors: ^ 

GOLD, BLUE, BED. KELLY GREEN M 

Please send call and name 
{maximum 6 letters per line) ^ 

iUFBC-81 $6.00 


{(617)263-2145 
fffi SPECTRUM 
ilTERNATlONAL, INC. 
Post Office Box 1084 
id, MAPI742, U.S.A. 


«Ofi 


WA2SRF 


ham.- 

BOOKSTORE 

Greenville, NH 
03048 

Please add $3.50 
lor shipping 
and handling 


LD.BADGES 

No ham should he without an I D badge 
If s tust the thing tor club meetings, 
conventions, and get-togethers, and you have a 
wide choice ol colors Have youi name and call en¬ 
graven in cither standard or script type on 
one ol these piastre laminated U) badges 
Available in the following colot combinations 
(badgehetterinq) white/rcd, wood- 
grain/whilc. blue/while, while/black. 
yettow/htue. red/white, green/whtie metallic 
goWbfack. metallic sifver/black 
UID Engraved I D Badge S2.50 


with 4 IRCs. I can also build and/or test your modern 
PCB by prior arrangement. 

suppliers 

For information on the availability of PCBs only, 
contact AMSAT-UK, London E12 5EQ, England. 
(Profits will help finance new Amateur satellites.) Bona 
fide AMSAT groups who wish to order 10 or more 
PCBs should contact the author directly. 

Complete kits including PCBs and components are 
available from RADIOKIT. (Contact Carl Huether, 
KM1H, P.O. Box 973, Pelham, New Hampshire 
03076). 

Readers in the U.K. may order from AMDAT, 
Crofters, Harry Stoke Road, Stoke Gifford, Bristol, 
BS126QH, England. 
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1. J.R. Miller. G3RUH, "A PSK Telemetry Demodulator for OSCAR 10.“ 
ham radio, April, 1985, pages 50-62. 

2, The ARRL Handbook for the Radio Amateur, ARRL, Newington, Con¬ 
necticut, 1986, Chapter 24. 
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HERE’S A NEAT 
GIFT IDEA 


When we first saw the Casio PQ-40U Portable World Time 
Clock, we knew instantly that Ham Radio Bookstore cus¬ 
tomers would love this one. 

Thisjime piece is more than a simple clock. Besides all the 
standard features, alarm, snooze, lightweight portable 
design and digital readout, this clock gives you time at 21 
different locations around the world at the twist of a dial. 
DX’ers will delight at being able to get rid of their cumber¬ 
some manual time calculators: determining band and path 
to use will be greatly simplified. Contesters can simultan¬ 
eously display both local and UTC times for logging pur¬ 
poses. In fact, every Amateur will find at least a dozen uses 
for this nifty clock. You can take it with you when you go on 
vacation—business trips—set Ihe alarm and get out of 
meetings early—anywhere you need a clock, the PQ-40U 
can go with you. Get a couple of them and give them as gifts, 
one for the house, car, office, just about anywhere you need 
a clock, the PQ-40U can go with you. Quantities are 
limited—order now and avoid disappointment. 


□ PQ-40U 


$29.95 


Please enclose 53.50 shipping and handlfng 

ham 

radio bookstore 


GREENVILLE, NH 03048 
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360-degree MINIMUF 
propagation prediction 


Simultaneous view 
of MUF in all directions 
— on your C-64 

MINIMUF, a method of determining propagation 
modes and paths by computer, has received wide ac¬ 
ceptance and use. Provide the sunspot number or so¬ 
lar flux quantity and the latitude and longitude of the 
two points between which communication is desired, 
and a 24 hour prediction of the maximum usable fre¬ 
quency (MUF) is obtained for that path. It's especial¬ 
ly helpful for determining the band to use when you're 
interested in contacting that specific country. 

However, what if you're interested in knowing 
where the band's open to in general? Sure, you could 
"Listen, listen, listen — as any successful DXer will 
tell you. But just now you want to get on the air, call 
"CGDX" and work somebody. Perhaps the whole 
band is filled with listeners; somebody has to break 
the ice. There's no point in rotating the beam to a non¬ 
productive direction; you have to have some knowl¬ 
edge as to where to point the antenna. Unless you 
have some other tool at your disposal, all you'll have 
to go on is your own experience with conditions on 
that band. 

How many of you old-timers remember "Instantane¬ 
ous Prediction of Radio Transmission Paths," the 1952 
QST article written by the W6YG boys of Stanford 
University? 1 It discusses using a rotary beam to gener¬ 
ate short transmissions of 50 WPM CW and receiving 
the back-scatter signals in a radar-like manner, then 
presenting the results on a PPI (plan position indica¬ 
tor). What they saw, in a 360-degree view, were the 
areas of the world that were open to propagation, in¬ 
cluding the first hop as well as second and third hop 
returns. Marvelous! They could actually see the 
20-meter band openings in the morning and the differ¬ 
ent paths available during the day, and watch the band 
close when nighttime came. That's what we need for 
casual operation — a method of determining, with 
confidence, which direction to point our beam. There's 
only one problem, however; the FCC won't let us do it. 


an alternate method 

Dreams like that lie dormant in the mind until the 
state-of-the-art produces a means of accomplishing 
the same thing by different (and legal) means. If we 
accept the validity of the MINIMUF program for 
prediction of propagation paths — and most of us do 
— why not modify it to predict 360 degrees of propa¬ 
gation for any given hour, rather then just propaga¬ 
tion in only one direction for 24 hours? 

Suppose we scribe a circle about our QTH along 
great circle paths, every 10 degrees. Hold the hour 
constant in the MINIMUF program and have it pre¬ 
dict the MUF for every 10 degrees of bearing. If you 
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periphery of a 4000 km radius circle around the transmit¬ 
ting site at Cleveland, North Carolina. 
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Table 1. Program determines latitude and longitude of great circle locations 4000 km 
from a specified transmitting site. 

1 A*=CHR*(17):REM CURSOR DOWN 

2 B*=CHR*<18):REM REVERSE ON 

3 C*=CHR*(29 )tREM CURSOR RIGHT 

4 D*«CHR* <147):REM CLEAR/HOME 

5 PRINT D-» 

6 DIMH(40).P(40 >.T <40> 

7 OPEN1,4,6:PRINT#!.CHR*(27)CHR*(69) jCLOSE 1 

8 REM PROGRAM WRITTEN BY HENRY ELWELL N4UH DATED 7 AUGUST 2986 

10 PR INTA*A*A*8*"PROGRAM TO DETERMINE THE 4000KM LATITUDE AND LONGITUDE 360 DEGR 
EE": 

20 PRINTfJ**' AROUND THE TRANSMITTING SITE TO PROVIDE PROPAGATION PREDICTIONS 360" 

« 

30 PRINT!)*" DEGREES IN AZIMUTH FOR ANY HOUR OF THE DAY. DATA IS GIVEN EVERY ”: 

40 PRINT- TEN DEGREES. " 

45 PRINTA*A*A*A*A*A*C*C*C*C»”PRESS SPACE BAR TO CONTINUE" 

46 GET AN*: I FAN*='* " THEN46 

47 I FAN*-” "THEN GQT080 

50 REM THE FOLLOWING EQUATIONS MUST BE SOLVED FOR INDIVIDUAL LOCATIONS 

55 REM FQR DISTANCE LAT.; L2-ARCS IN ! SIN <t>/ 60) COS (L 1 ) COS (H) +SIN <L 1 ) COS (D/60) ) 

56 REM LI IS HOME LAT.;L2 IS DIST. LAT.:D=2160 NAUT. MILES. THE ONLY VARIABLE 

57 REM IS H,* ALL OTHER ITEMS ARE CONSTANTS ACCORDING TO YOUR LOCATION 

50 REM FOR DISTANCE LONG.: SEE LINE 59 

59 REM L02=ARCC0S <COS <D/60)-SIN(LI)SIN(L2) / COS(L1)CDS<L2) ) + LQ1 

60 REM WHERE LQ2 IS THE DIST. LONG.: LOl IS THE HOME LONG.; L2 AS COMPUTED ABOVE 

70 REM ALL SIN/COS VALUES ARE CHANGED TO RADIANS FOR C-64 COMPUTATIONS. 

80 PRINTA*A»: INPUT-WHAT IS YOUR HOME LATITUDE"j LI 
85 PRINTA*:INPUT”WHAT IS YOUR HOME LONGITUDE”;LOl 
87 PRINTD*A*A*A*”PLEASE WAIT FDR PRINTOUT" 

90 0PEN1.4: 

95 PRIN7#1,"PRINTOUT OF 4000KM LATITUDE/LONGITUDE FROM 0 TO 350 DEG.; 10 DEG. ST 
EPS" 

97 PRINI#l:CLOSE! 

100 FORH*K>T0350STEP10 

110 L2=.587705<COS(L1<. 01745)<COS (H<.01745)+ .809017<SIN<L1<.01745):REM ARCSIN 
120 M=L2 

130 X-ATN<M/SQR(1-M*M))<57.2957795 :REM LAT. OF DISTANT POINT 

140 LETP*INT <X/O.1 +.05)<. 1:REM PROVIDES LAT. OF DISTANT PT. TO ONE DEC. PT. 

170 REM X REPLACES L2 IN FORMULA FOR Y FOR CONVENIENCE IN ASSIGNING VARIABLES. 

180 Y= (..809017- (SIN (LI ». 01745) <S IN ( X< . 01 745 > > ) / (COS<LI<.01745) <COS ( X * . 01745) > 

190 S=< n/2—ATN < Y/SQR(1-YtY)))<57.296 
195 IFH<1B0THEN5=S~L0 

197 IFH>180THENS-S+L0 

198 T=INT<S/.1+.05)<.1 

199 IFH-OTHENOPEN1.4: PR I NT # 1, CHR* (16) "07 "H; CHR* U 6) “ 10 " *' DEG. " ; CHR* (16) " 20" P: 

200 IFH=0THENPR1NT#1,CHR* (16) ”26 ,,,, LAT. " 5 CHR* ( 1 6 ) ” 40 " " HOME LONG. + .l" 

201 IFH=OTHENCLOSEl:NEXTH 

202 IFH-<90THEN0PEN1.4: PRlNT#l. CHR* (16) "06”H;CHR*(16) ”09 DEG. ";CHR* (16) "20"P; 

203 JFH=<90THENPR1 NT#1.CHR*(16 >"26 LAT.";CHR*(16)"40"ABS(T >; 

204 I FH*=<90THENPRINT# 1, CHR* < 1 6) "47” " LONG"s CLOSE 1: NEXTH 

205 IFH=180THEN0PEN1,4:PRINT#1,CHR*U6)"05"H:CHR*(16)"OS"" DEG.”;CHR*(16)”20"P: 

206 I FH*= 180THENPRI NT # 1, CHR* (16)** 26'' " LAT . " ; CHR* < 16) "40" " HOME LONG.+.l” 

207 IFH=180THENCLOSE 1:NEXTH 

208 0PEN1.4 

210 PRINT#l,CHR*(16)"05 ,, H!CHR*(16)"09"" DEG.”;CHR*(16)“20“P;CHR*( 16>“27”"LAT.”? 

215 PRINT#!.CHR*(16)“40“ABS(T):CHR*(16)"47”" LONG.CLOSE 1;NEXTH 

59999 END 

60000 OPEN15,8,15,"SO:LAT/LONG PROP,PR":CLOSE 15:SAVE"0:LAT/L0N6 PROP.PR".8 
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READY. 


Table 2. Program provides 360-degree propagation prediction for a given hour of 
the day. 

READY. 

READY. 

HOUR OF THE DAY 

TABLE 2: PROGRAM K3 PROVIDE 360 DEGREE PROPAGATION PREDICTION FOR A GIVEN 

2 REM THIS PROGRAM PROVIDES A MINIMUF PROPAGTION PREDICTION FOR 360 DEGREES 

3 REM FOR A SPECIFIED TIME FROM 0 TO 24 HOURS GMT 

4 REM IT HAS BEEN MODIFIED BY HENRY ELWELL N4UH TO DO THAT FROM AN EARLIER 

5 REM PROGRAM BY ALAN MEMLEY. KE6UY 

6 REM THE REVISED PROGRAM IS DATED 7 AUGUST 1986 

10 PRINT CHR*(147):"LOADING PROGRAM- 

11 A**CHR*(17):REM CURSOR DOWN 

12 B*-CHR»<18):REM REVERSE ON 

13 C*-CHR»(19):REM HOME 

14 D*-CHR*<29>:REM CURSOR RIGHT 

15 E*»CHR* <143)s REM CURSOR UP 

16 F**CHR»(147):REM CLEAR/HOME 

17 G*-CHR*(158>iREM CONTROL-YELLOW 
20 FOR N - 0 TO 96 

30 READX x POKE <33000+N> , X 
40 NEXT N 
50 PRINT CHR*(147) 

60 DATA 169,127.162,4.160,0.32,186 
70 DATA 235,169.0,32,189.255,32,192 
BO DATA 235,176,74,169.0.133.253,169 
90 DATA 4,133.254,162,127,32,201.253 
100 DATA 162,25,169,13.32,210,255,32 
110 DATA 225,235,240,49,160,0,177,253 
120 DATA 133,232,41,63,6,252,36,252.16 
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figs. 2,3,4: MUF propagation predictions 
from North Carolina at 09, 10, 11, UTC 
(solar flux = 70). 
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plot the MUF vs. circular degrees on polar coordinate 
paper, you'll have somthing very similar to the radar 
plots of W6YG. For any given hour you'll be able to 
see which bands are open or closed and in what direc¬ 
tion you should point your beam. 

One of the inevitable questions that follows this sug¬ 
gestion is "What distance from the home QTH should 
be used as a constant?" Ordinarily, you're not faced 
with that question in the MINIMUF program because 
you're concerned only with the latitude and longitude 
of the sending and receiving locations. True, some of 
the MUF programs give you the distance just for in¬ 
formation; however, now we're going to select some 
arbitrary constant distance from our QTH and deter¬ 
mine the latitude and longitude of those places every 
ten degrees from 0 to 360 degrees. 

The following logic was used to arrive at that ar¬ 


bitrary distance. The W6YG boys got back-scatter 
from the first hop, the second hop, and even the third 
hop. We can get theoretical first hop by using the as¬ 
sumptions of the ITS 2 group who use 4000 km as the 
reference hop length. Four thousand km per hop 
length requires very low elevation angles of radiation 
and reception — less than about3degrees. Not many 
of us have antennas that will provide substantial ener- 
energy at those angles, but let's stretch it. Bob Rose, 
W6GKU, in his December, 1982, QSP article says the 
MINIMUF program is good from 250 miles to 6000 
miles, so 4000 km (2500 miles) should be an accept¬ 
able number to use. We'll use it for the first hop point. 

The data describing the great circle around your 
QTH with a radius of 4000 km must be tailored spe¬ 
cifically to your location. You have to determine the 
latitude and longitude of the periphery of that circle 
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figs. 11. 12: MUF predictions from North Carolina at 04 and 05 UTC (solar flux = 701. 




V.“ •.. 

1 




R -TUrr^^. /N-v.. 

- ' 'V s\* 

X V v\ 

• ■' v- \ 

i'.; ':. I 

►O': 1 ' -• 1 r •; 

v . / Ni 

•••'• /A 


\ c,' 

'Vi 


L 

r^/s 


rfi ttu: 


i .. 


. ‘ . • . < ■ *»* .r . -F>-M-- 


. • 
-.-•ViSviv.- 


\\Aa 


r.* iyn7 


CIRCUIT ANALYSIS 
COMMODORE 64 

LNCAP64 

RF and Microwave Circuit Analysis can eas¬ 
ily be performed using LNCAP64. Design and 
analyze RF circuits containing S f Z.Y and 
ABCD-paramelers; R.L.C's. transmission 
lines, coupled lines, stubs and many other 
element blocks. Includes parallel and series 
branching and network combining; sensitivity 
and tuning mode. Also calculates stability 
factor for active networks. Print results lo 
screen, disk or printer. Includes f ile edilor 
with instructions and examples 

NOW ONLY $24.95 

plus $2.50 for S&H 

BMA software 

1234 Rousseau Drive 

Sunnyvale, CA 94087 
(408) 732-9475 

M.O. or Check Accepted, ^ 242 


fig. 13. MUF propagation prediction from 
Los Angeles, California at 1600 UTC at 
a solar flux of 70. 


fig. 14. MUF propagation prediction from 
North Carolina at 1700 UTC at a solar flux 
of 180. 


Table 2. continued. 

130 DATA 2.9.128,112.2.9.64,3r,?10.755 
140 DATA 200.IV?,40.200.230,152,24.ICO 
150 DATA 253,133*253,144.2,230.254.202 
160 DATA 200.205,169*13.32.210.255.32 
170 0ATA 204,255,169.127.76.193 

100 REH HINImUF FOR COMMODORE-64/ALAN MEMLEY. >.E6Uv 
200 POKE 53200,14 
210 POKE 33201.6 
220 PRINT G* 

230 PRINT F4 

250 DIMM*«37J*A*<4».M<12) 

260 DATA31,20.31.30.21.70.31.31.30.31.30.31 
270 FORX-t1012*READ*<X»iMEXT 

200 M»- ■*JANFE B14ARAPRMAY.1UNJULAU6SEPOC TNOVOE C “ 

290 RO- 7/100 
300 PI-2* >. 

310 ft 1 = 1BO ‘ « 

770 PO- 7/2 
330 PRINT F* 

340 L1 * 35.73:Ml«B0.75 {REM THE USERS HOME LATITUDE AND LONGITUDE MUST GO HERE 
345 L1"L1iftO 
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Table 2. continued. 

ISO Wl»Wt *RO 
430 GOT0600 

478 REM THE BEARING. LATITUDE LONGITUDE OF THE USER'S LOCATION MUST REPLACE 

479 REH THAT SHOWN. WHICH IS FDR CLEVELAND NC ONLY 

480 DATAO.71.7,80.7. 10,70.4,62.9.20,67,49.7,30.62.3,41.5.40.56.9,37,50.SI.2.34.9 

481 DATA60,45.3.34.4.70,39.4.35.1.80.33.7,36.7,90.28.2,39.100.22.9.41.8 

482 DATAl10.18,45.3,120.13.5.49.2.130,9.5,53.6.140,6.1.58.4,150.3.4.63.7 

483 DATA160,1.4.69.2.170,.1,74.9,180,3,80.7,190,.1,86.5,200,1.3,92.3 

484 DATA2I0.3.4,97.8.220.6.1.103.230.9.5.107.9.240.13.5.112.3,230.IB.116.2 

485 DATA260,22.9.119.6.271.28.1.122.5.280.33.7,124.8,290.39.4,126.4.300,45.2.12? 

486 DATA310.51.1.126.6.320.56.9,124.6.330.62.3.120.340.67.111.8,350.70.4.98.7 

487 DATA-1.0.0 

488 t 

500 READH.L2.W2 

501 IFH»-1THENRESTORErG0SUB3050:PRINTB*A*A*“PRESS P-PR1NT t Q-QUIT: T-TRY AGAIN” 

502 IFH-- 1THENGDTD3000 
S90 G0SUB2640:G0T0865 

600 PRINT*INPUT"DATE (DAY.MONTH)D6.MO 
610 IFMCK«1 2THEN640 

620 PRINT "INVALID MONTH. MUST BE IN RANGE 1-12" 

630 GDTO6O0 

640 IFM (MO) -D6‘- 0THEN660 
650 G0T06B0 

660 PRINT "INVALID DAY” 

670 GOT0600 

680 PR I NT t INPUT "SOLAR FLUX NUMBERi **: SF 

681 IFSF70THENPRI NT ” DO NOT USE SF •: 70” s G0T0680 


SIGNAL” 


1021 

1022 

1030 


680 PRINTtINPUT"SOLAR FLUX NUMBERi“:SF 

681 IFSF*f70THENPRINT”DO NOT USE SF •: 7<»” s G0TD680 

6B2 I^RINTiINPUT“WHAT GMT DESIRED: O TO 23 HOURS ONLY ”:TG 

683 IFTG>23THENPRINT"USE HOURS O TO 23 0NLY”j&0T0682 

685 PRINT: PRINT'*TURN UP AUDIO GAIN TO HEAR END OF RUN SIGNAL” 

710 S9»(-0.73+SOR((.73)*2-4* <.OOOB)*(65-SF)))/<2*.00081 

720 S9-INKS9) 

730 G0T0500 

865 IFG-1G0T0910 

866 PRINTjPRINTF*A* m H0UR“"TG"7 DAY«*"D6" MONTH=»”MO M SF*"SF 

870 PRINTTAB<4)"BEARING"*TAB(15)"MUF"*TAB(21)"BEARING"* TAB(33)"MUF' 
910 L2=L2*R0 
920 W2=W2*R0 
940 C0~O:PRINTG* 

950 T5®TG 

960 CO«CO-*-l 

970 GQSUB1140 

9B0 J9»J9*10 

990 J9=INT(J91 

1000 J9-J9/10 

1010 IFCQ»2THEN1050 

1020 PRINT E* 

1021 IFH-190THEN ED=20*G0SUB4OOO:PRINTTAB(22)H*TAB(32)39:G0T04B8 

1022 IFH>190THENPRINTE* TAB(22)H;TAB(32)^9:G0T0488 
1030 PRINTS* TAB(4)H*TAB(l3)J9 

1040 G0TD488 

1050 PRINTE*E*:PRINTTAB(21)B:TAB(27)39 

1060 C0»0 

1065 GDT0488 

1140 REM MINIMUF 3.5 

1150 K7=»SIN(L1) SSIN (L2) *EQS (LI) *COS (L2) *C0S(W2~W1) 

1160 IFK7*>-1THEN1190 
1170 K7^-l 
1180 GOTO1210 
1190 IFK7<r*=lTHEN1210 
1200 K7*l 

1210 Gl^-ATN(K7/SQR(-K7*K7-M))♦V2 

1220 K6«l.59*Gi 

1230 IFK6>-1THEN 1250 

1240 K6-1 

1250 K5-1/K6 

1260 J9*= 100 

1270 FORK 1»1 /(2*K6)T01-1/(2*K6)STEP0.9999-1/K6 
1280 IFK5*1 THEN 1300 
1290 KS^O.5 
1300 P*SIN(L2) 

1310 Q«COS(L2) 

1320 A*(SIN(L1)—PtCOS(G1>)/<0*SIN(G1)) 

1330 B-Gl*K1 

1340 C"P*COS(B)+Q*SIN(B)*A 

1350 D«(COS(B)-C*P)/(QtSQR(1-C*2)) 

1360 IFD>**-1THEN1390 
1370 D— 1 
1380 G0TD1410 
1390 IFD<* 1 THEN1410 
1400 D«1 

1410 D»-ATN(D/S0R(“D*D+1))«*n/2 

1420 W0-W2+SGN(SIN(W1-W2))*D 

1430 IFWO® >0THEN1450 

1440 W0=W0+PJ 

1450 IFW0<P1 THEN 1470 

1460 W0°Wt»-Pl 

1470 IFC=* >— 1 THEN 1500 

14BO C--1 

1490 GOTO1520 

1500 IFC< a 1 THEN 1520 

1510 Cal 

1520 LO«PO~(-ATN(C/SDR(~C*Ol)>+n/2) 

1530 Y1-0.0172* (lO-MMO-l) *30.4+D6) 

1540 Y2»0.409*COS(Yl> 

1550 KB 3 3.82*W0+12+0.13*(SIN(Y1)♦1.2*SIN(2*Y1)) 

1560 K8«KB-12*(1+SGN(K8-24))*SGN(ABS(K8-24)1 
1570 IFCOS(L0^Y2)>-0.26THEN1660 
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every 10 degrees (or every 20 degrees, if you prefer) 
from 0 to 360 degrees. One way to do this is to solve 
the great circle equations for distance and bearing, 

equations and calculations 

Equations 1 and 2 provide a relationship between 
the distance (D) in nautical miles (2160 nautical miles 
= 4000 km), the heading (H) in degrees from your 
QTH (every 10 degrees), and the latitude/longitude of 
your location, and the first hop location. 

D — 60 arc cos [sinLI * sinL2 + (1) 

cosLl • cosL2 • cos(LOl ~ L02)] 

H = arc cos j[sinL2 - sinLl cos (2) 
(D/60)]/[sin (D/60)cosLl)} 

where 

LI = latitude (your QTH) 

L2 = latitude (each 4000-km hop location) 

L01 = longitude (your QTH) 

L02 = longitude (each 4000-km hop location) 

The plan of attack is to solve for L2 in eqn. 2 since 
everything else is known, then solve for L02 in eqn. 
1. Simplify by setting sin (D/60) = 0.587785 and cos 
(D/60) — 0.809017 , substituting these values in eqn. 
2 and rearranging terms: 

L2 - arc sin [0.587785 cosLl (3) 

cos H + 0.809017 sinLl] 

After you enter your latitude, which is a constant, 
L2 simplies to: 

L2 = arc sin [(0.587785) (4) 

(latitude constant)cos H + (0.809017) 
(different latitude constant)] 

The arc sin (inverse sine) function is available on 
most hand calculators. Solve for L2, starting with 0 
and continue in 10-degree steps to 350 degrees. This 
provides 36 latitudes around the periphery of the cir¬ 
cle. Now all you need are the corresponding longi¬ 
tudes, which you can calculate from eqn. 1. The 
program in table 1 will do all this for you automati¬ 
cally, but it's good to understand what you're doing. 
Part of a typical printout is shown in fig. 1. 

solving for the 4000-km longitudes 

By rearranging terms in eqn. 1, the last unknown, 
L02 can be determined. 

L02 = arc cos {[cos(D/60) - (sinLl) (5) 
(sinL2)]/ [(cosLl)(cosL2)]} ±LO! 

At this point we now have constants for all bear¬ 
ings of cos(D/60), sinL L cosL 1, and L01. CosL2 can 
be determined for each azimuth with a hand calcula¬ 
tor with sin/cos functions if you don't want to use the 
program in table 1. Note that there is a + or - before 
the L01 . Use the minus sign for all calculations of L02 
from 0 to 180 degrees, and a plus sign for all values 
from 190 to 350. When you've completed the calcu¬ 


lations, you'll have a table of bearing vs. latitude/longi¬ 
tude for the periphery of a 4000-km radius circle 
around your transmitting site. For the 0- and 
180-degree bearings, you mustn't use the same lon¬ 
gitude as your transmitting site even if it's the same 
as your transmitting site. If they do correspond, just 
add 0.1 degree to your own longitude, as shown in 
fig. 1, if only to keep the mathematics under control. 

MINIMUF program modifications 

The updated MINIMUF program of Alan Memley, 
KE6UY, was modified to provide a 360-degree propa¬ 
gation prediction in tabular form on the screen or a 
printer (see table 2). It's necessary to provide data 
statements in the program for latitude and longitude 
crossings of the 4000-km great circles around the 
transmitting site, and a means for inputting time of 
prediction (i.e., the hour you're interested in). The 
basic information for month, date, solar flux, and com¬ 
putation of the prediction was retained. A printout for 
the 360-degree prediction is shown in table 3. 

The data statements are included in lines 480-486 
of the revised program. Each data point has three 
numbers; bearing, latitude, and longitude. The latitude 
and longitude are specific to your location, and have 
to be calculated by hand, or by the program shown 
in table 1. Remember that commas must separate 
each number, and the word "DATA" must be at the 
the beginning of each line. If your location has three 
digits for latitude and/or longitude, it will be neces¬ 
sary to use lines 488 and 489. Be sure "DATA-1,0,0" 
is the last data item, because that ends the use of the 
data and restores the data pointer to the beginning 
of the READ information. (Basically, it helps the com¬ 
puter keep its bookkeeping in order.) 

examples of 360-degree predictions 

Let's look at several examples and see what the pro¬ 
gram tells us. We'll consider a day when the solar flux 
was 70. Figures 2 through 12 show how propaga¬ 
tion varied to different parts of the world from North 
Carolina from 0900 UTC through 0500 the following 
morning. At 0900 UTC, the maximum usable frequen¬ 
cy (MUF) would be 10.4 MHz with propagation to all 
parts of the world up through 40 meters except for 
bearings of 310 through 50 degrees; 20 meters would 
not yet have opened. By 1000 UTC, 20 meters opens 
for the middle African countries only. By 1100 UTC, 
propagation is possible into Europe, all of Africa, and 
all except the westernmost sections of South Ameri¬ 
ca; the MUF into Africa is now 19.9 MHz. By 1200 
UTC, the path into northern Europe, Finland (OH) is 
open on 20 meters and 15 meters is open to Africa, 
with an MUF of 21.8 MHz for Togo and countries 
along that bearing of 90 degrees. 

Between 1600 and 2300 UTC, world-wide operation 
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Table 2, continued. 


1500 K9—0 

1590 G0*=0 

1600 M9«2.5*Gl*KS 

1610 IFM9<*POTHEN1630 

1620 M9*P0 

1630 M9«SIN(M9) 

1640 M9®1«-2.5*M9*SQR(M9> 

*.650 GOT01910 

1660 K9*{-0.26+SIN(Y2> *SIN(L0>1/(C0S(Y2t*C0S(L0> +1 .OE-31 

1670 K9^=l 2-ATN (K9/SQR (ABS < 1 -K9*K9> 1 > *7.639437 

1680 T=KB-K9/2*12*(1~SGN(KB~K9/2t 1*SGN(ABS(K8-K9/2) ) 

1690 T4»KB+K9/2“12*(l+SGN(KB+K9/2-24))*SGN(ABS(KB+K9/2-24)J 
1700 C0=ABS(COS(L0+Y2)> 

1710 T9—9.7*C0 rt 9.6 
1720 IFT9>0.1THEN1740 
1730 T9=0-1 
1740 M9=2.5*G1*K5 
1750 IFM9<»PQTHEN1770 
2760 M9*P0 
1770 M9«SIN(M9> 

1780 M9=1«-2.S*M9*SQR(M9> 

1790 IFT4<TTHEN1B20 

IBOO IF(T5-T>*(T4-TS)>0THEN1B30 

1 BIO GDT01960 

1B20 !F(T5-T4>*(T-T3)>0THEN1960 
1B3Q,, T6=TS+12*(1+SGN(T-TS))*SGN(ABS <T-T5>) 

IB40 G9='ll (T6-T)/K9 
1850 GB e **T9/K9 
1860 U“(T-T6)/T9 

1970 GO«CO*(SIN(G9)+GB*(EXP(U>-COS <G9>))/(1♦GB*GB) 

1BB0 G7«C0*(GB*(EXP <-r9/T9> +1)!*EXP<(K9-241/2>/<1+6B*GB> 

1890 IFG0<=>G7TH£N1910 
1900 G0°G7 

1910 G2=(l+S9/230> IM9*SQR (6«‘SB*SQR (GO) > 

1920 G2“G2*(1-0.1*EXP((K9-24) /S)> 

1930 G2*G2*(1M1-SGN(L1) *SGN(L2> > *0.1) 

1940 G2=G2*(1-0.1*(1+SGN(ABS(SIN(LO)>-COS(LO> >)1 
1950 G0TD2020 

1960 T6*T5+!2*(1+SGN(T4-T5))*SGN(ABS(T4-TS)1 
1970 GB=* i*T9/K9 
19B0 U=(T4-T6)/2 
1990 111«—K9/T9 

2000 GO“CO*(GB*(EXP(U1) M > ) *EXP(U>/<1+GB*GB) 

2010 G0TD1910 

7020 IF62 2 J9THEN2040 

2030 J9-G2 

2040 NEXTK1 

2050 J9=.93*J9 

2060 G»l;RETURN 

2640 RA*39S6.75 

2650 X7“RA*SIN((90~X1>* n/ 180)*COS(Y1 *n/180) 

2660 Y7»RA*SIN(<90~X1)* n/180)*SIN(Y1* n/\ 80) 

2670 Z7«RA*C0S <(90- X I> * n/180) 

2680 DE* ( <X7 / '21 + <Y7^2) + (Z7**'2> >"*.S 

2690 CA=X7/DE:CB=Y7/DEiCC-Z7/DE 

2700 X8—RA*SIN((90-X2)* n/1801*COS(Y2* •*/ 180> 

2710 Y8=RA*SIN((90-X21 * n/1 BO> *SIN(Y2* n/1-80) 

2720 ZB“RA*COS((90-X2)*1/180) 

2730 DG«*((XB*2)-MYB~2> +(28^2) > A .5 

2740 CD=>XB/DG; CE=*Y8/DG; CF»ZB/DG 

2750 CT=C(X7*XBM(Y7*Y8>4(Z7*ZB))/(DGtDE) 

2760 IFCT“OTHENCT**. 000000000001 
2770 DI=( <RA A 2)«-(RA~2>-2*RA*RA*CT>~.5 
2780 IFDI>5656.8542STHENGQT02B10 
2790 SI=(1-(CT"2}>~.S 

2800 TA“SI/CTj T-ATN(TA)*180/njG0T02B30 
2810 SI — l*(l“(CT^2>-)*.5 
2820 TA*SI/CT:T«1B0-ATN(TA)*180/n 
2830 DX®69.0SS*Y:DX«INT(DX> 

2840 RETURN 

7000 GETAN*:1FAN*= M “THEN3000 
3010 IFAN*»“P°G0T03200 

7020 IFAN*®‘*0‘*THENPRINTF*A*A*D*D*D* h ENJOY YOUR RADIO* **:END 

3030 1FAN* = ,, T , *THENPRINTF*A*A*A*A» ,, PLACE CURSOR OVER RUN AND PRESS RETURN** 

“031 1FAN*»"T"THENG0T03040 

3035 GOT03000 

3040 PRINTE*E*E*E*E* ,, RUN*' s END 

3050 : REM TONE TO TELL WHEN SCREEN PRINT COMPLETE 

3052 FOR AC S1 54272T034296! POKEAC. Os NEXT 

3054 P0KE54296,15 

3056 P0KE54277.0 

3058 POKE 54278.248 

3060 P0KE54273.35:P0KE54272.134 

3062 P0KE54276,17 

3064 F0RT«1 TO 1000 :NEXT 

3066 P0KE54276,16;RETURN 

3199 REM SCREEN DUMP 

3200 OPENS.3:0PEN4.4:PRINTC*:FORI“1TOl 0001 GET»3,A*:PRINT»4 t A*j:N£XT;CLQSE3 
3210 CL0SE4 

3220 END 

4000 FORI*1 TOED; 

4010 PRINTE*; 

4015 NEXT I 
3020 RETURN 

60000 0PEN15.B. 15. K SOi 360 DEG MUF M ;CLOSE 15;SAVE"O: 360 DEG MUF’*,B 
READY. 
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Table 3. 360-degree MiNIMUF prediction for Cleveland, 
North Carolina at a solar flux of 70. 


BEARING 

MUF 

0 

16.7 

10 

16.9 

20 

17. 2 


17.5 

40 

17.9 

50 

18.2 

60 
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30 
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* ^ . r 

90 
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24.5 
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24.4 
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17 
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23.5 
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99 
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22 
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A 
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21.7 

290 

21.4 

300 

21.2 

310 

16.7 

320 

16.6 

330 

16.5 

340 

16.5 

350 
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X 


is possible in all directions on 20 meters, with the MUF 
extending as high as 25 MHz on bearings into Pitcairn 
Island at 230 degrees, although the heavily populated 
areas of middle Europe had dropped out by 2200 UTC. 
At 0000 UTC, the next day, the prediction says 
20*meter propagation is possible to South America and 
west up through Hawaii. A possible 15-meter capa¬ 
bility is indicated into the southwest. 

By 0200 UTC, 4000 km propagation is still possible 
on 20 meters for South America and the South Pacif¬ 
ic. The band is still open at 0400 UTC, with an MUF 
of 14.5 in the 210-220 degree bearing for some possi¬ 
ble Central American stations. Twenty meters is dead 
at 0500 UTC, with an MUF of 13.3 MHz. To provide 
a comparison with North Carolina and Los Angeles, 
California, a prediction was run for 1600 UTC on the 
same day with a solar flux of 70 for Los Angeles; see 
fig. 13. California is three hours earlier than North 
Carolina, but it still shows world-wide propagation 
possibilities on 20 meters, with good openings into 
Africa and South America on 15 meters. 

Just for fun, a prediction for the 21st of June — 
in a year when the solar flux was 180 — was run (fig. 
14). As expected, practically the whole world is open 
on the 10-meter band at 1700 UTC. (I believe the mod¬ 
el used for the prediction is quite conservative, since 
it would appear that the MUF should be higher than 
35.9 MHz with such a high solar flux.) 

This type of presentation — i.e., 360 degrees — 
brought out what may be an anomaly in the predic¬ 
tion model. It appears that the 140-degree prediction 
for North Carolina is always significantly lower than 
the 130* and 150-degree bearing. Also, the 170- 


through 200-degree predictions seem to be lower than 
adjacent bearings. I'd be interested in hearing from any 
reader who could explain this. 

a word of caution 

It's important to remember that hops greater than 
the 4000-km prediction may not be possible because 
of propagation conditions at the far end. However, this 
modified program can suggest possible contacts. It's 
also good to keep in mind that the predicted open¬ 
ings may provide the long path for distant points even 
when no short path conditions are indicated. 

The next step, should anyone want to continue this 
work, would be to provide the code for a graphic 
presentation such as the one shown in figs. 2 through 
14. It should be an easy task to combine the point-to- 
point prediction with the 360-degree prediction, since 
the basic MINIMUF program is used by both methods. 
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Model ID 1 - $49 95 Model ID 2 w/2 to 10 minute timer - $89.95 

Wo offer a complete imo ot transmit ter and receiver strips 
and synthesisers lo» amateur and commercial use. 

Request our free catalog Allow $2 lot UPS'shipping Mastercard and VISA welcome 


GLB ELECTRONICS,INC. 

Dept H > 151 Commerce Pkwy., Buffalo, NY 14224 

716-675-6/40 9 to 4 
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C64/128 routines 
determine optimum 
Class B or C operation 

linear design by computer 


A few years ago ham radio published an article of 
mine on low-cost linear design and construction. 1 
Judging from the number of letters and phone calls 
I've received, the techniques have been widely used. 
It seems that linear construction is second only to an¬ 
tennas as an Amateur activity. 

Recently, while doing some study on a new linear 
to fit our new regulations, I went through these de¬ 
sign steps a number of times. Finally, I decided that 
this was a lot of unnecessary work, so I took time to 
reduce the process to a computer routine. 

The core of the computer routines are the tables and 
relations given in the booklet, RCA Transmitting 
Tubes, Technical Manual TT-5. (My copy is dated 
October, 1962.) As far as I know, the book is out of 
print, but copies are occasionally found at hamfests. 
It isn't necessary to have the book to use the program 
— just refer to the manufacturer's literature for de¬ 
sign data on the types of tubes you plan to use. 

As written, the program listed in table 1 is for the 
Commodore 64/128. However, only routine construc¬ 
tions are used, so only minor changes would be need¬ 
ed to make it run on other computers. 

Lines below 500 are introductory. Line 180 sets up 
a function for output formatting. The amplifier design 
goals are established in lines 500-990. The last lines 
allow either acceptance of the "preliminary" design 
developed at that po/nt or redesign. On the C 64, it 
isn't necessary to re-enter all values; you need enter 
only the ones you wish to change. Other computers 
may require complete re-entry. 

The basic design parameter chosen is power out¬ 
put, which seems to be the most common goal. The 
next two inputs are the number of tubes to use and 


I the operating class. The program assumes that the 
tubes will be in parallel, as is universal in today's hf 
designs. The program also assumes that designs will 
be either Class B, with a 180-degree conduction an¬ 
gle, or Class C at 140 degrees. For convenience, a set 
of values for 100-degree angle is listed in the REM 
statement at line 550. These may be substituted for 
the 140-degree ones if desired, or a third mode pro¬ 
grammed. Although an increase in output will be ob¬ 
tained, harmonic content will increase, so this step is 
not recommended. 

Lines 530-550 introduce some "K" values, and more 
are used later. These are the core of the RCA design 
technique, and are tabulated in the RCA booklet. They 
are derived from the way parameters of truncated sine 
waves behave. Clipped sine waves are generated by 
the non-linear relation between driving grid voltage and 
resulting plate current pulses. (See any good book on 
vacuum tube amplifiers if you're interested in details.) 
For calculation, most of the K-factors are used as tabu¬ 
lated; however, one is calculated from a least-squares 
relation. 

The values of plate and screen voltage and plate dis¬ 
sipation are entered in lines 570-600. A minus screen 
voltage is used to indicate a triode. Note that the plate 
dissipation is specifically a design parameter, but that 
there is no built-in check for screen or grid dissipation; 
these are calculated and output later, to check against 
tube specification values. 

It is usually best to operate near the upper limit of 

R. P. Haviland, W4MB, 1035 Green Acres Circle 
N., Daytona Beach, Florida 32019 
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Table 1. Linear amplifier design program for the C64. 

100 PRINT 1 ’,! #########**#**#**************#****** 11 


110 PRINT" * VACUUM TUBE #" 
120 PRINT" * HIGH POWER RF AMPLIFIER DESIGN #" 
130 PRINT" * REFERENCE RCR TECH MANURL TT-5 #" 
140 PRINT" # HAM RADIO, PRGE 12, DEC.1982 #" 
150 PRINT" # FEBRUARY 1906 #" 
160 PRINT" # R.P.HAVILAND, W4MB #" 
170 PRINT" *#######*#####*#####################'' 
180 DEF FNP(X> S =INT(X#10+. 3)/10 

200 PRINT" THIS PROGRAM AIDS DESIGN OF HIGH POWER 


RF RMPLIFIERS, CLASS B AND C 


210 PRINT" BEST DESIGN REQUIRES INPUT FROM TUBE DATA CURVES" 

220 PRINT" APPROXIMATIONS ARE SUPPLIED IF CURVE IATR IS NOT AVAIL 

230 PRINT 

500 INPUT"ENTER DESIGN POWER OUTPUT,WATTS";PO 
510 INPUT" ENTER NUMBER OF TUBES TO USE",NV : PT=PO/NV 
520 INPUT" ENTER MODE, B=CLASS B,C*CLA$S CMlOf 
530 IF f10*="B" THEN K2*.?93 OOTO570 REM 188 DEG. 

540 IF MO$*"C" THEN K2=,862 GOTO570REM 140 DEGREE 

550 REM FOR 100 DEG CONDUCTION, K2*.327,K3=l.8,K4*2.3,K5«l.45 

560 GOTO 520 

570 INPUT" ENTER PLATE VOLTAGE",EB 

580 INPUT"ENTER SCREEN VOLTAGE, -1* A TRIODE";$V 

600 INPUT*'ENTER RATED TUBE DISSIPATION, WATTS" , DI 

610 EN*.1*EB EM=EN REM TRIAL 

620 IP = PT/<K2#>:. EB-EM > ) 

630 Kl-3.14 IF MO*="C" THEN Kl*4 
640 iri=Kl#IP 
650 PRINT 

700 PRINT"INPUT TUBE DATA-PLATE VOLTAGE AT KNEE OF IP*";INK1000*IM);"Mfl. CURVE" 
710 PRINT" OR ENTER ZERO FOR AN APPROXIMATION" 

720 INPUT EM : IF £M=0 THEN 740 

730 IF ftBSCEM-EN> > ,01#EM THEN EN-EM PRINT" ANOTHER TRIAL NEEDED" GOTO620 
740 PI=€B#IP#NV 
750 PD-<Pl-PO)/NV 
760 PRINT 

800 PR I NT"REQIJI RED INPUT IS", FHP< PI >, ” WATTS" 

81 Ct PR I NT" DI SSI PAT I ON PER TUBE I S' ” ■ FNP( PK >; "WATTS 

820 PRINT" WITH PLATE CURRENT - " , FNP < 1080* IP > ; 11 MILLI AMPS " 

830 PRINT" TOTAL CURRENT- AMPS-";FHP < NV*IP> 

840 IiC=F'D/D 1 
850 PRINT 

900 PRINT" DESIGN WILL BE SUITABLE FOR" 

910 IF BC<.94 THEN PRINT" AM VOICE" 

920 IF IlCCl THEN PRINT" FM-TELETVPE" 

930 IF DC<1,4 THEN PRINT" CJT 

940 IF MO$= ,, B" AND DC<1.83 THEN PRINT" PROCESSED SSB" 

950 IF MO$-"B” AND DCC2.5 THEN PRINT" NORMAL SSB" 

960 IF DC>2.5 THEN PRINT" LOW DUTY CYCLE OR PULSE ONLY" 

970 IF DC>1 THEN PRINT" USE LOW TlJNE-UP POWER." 


TUBE DATA CURVES" 

CURVE DATA IS NOT AVAIL 


AM VOICE" 
FM-TELETVPE" 

or 

i THEN PRINT" 


940 IF MU*="E" AND DCO.83 THEN PRINT" PROCESSED SSB" 

950 IF MOT-"B" AND DCC2.5 THEN PRINT" NORMAL SSB" 

960 IF DC>2.5 THEN PRINT" LOW DUTY CYCLE OR PULSE ONLY" 

970 IF DC>1 THEN PRINT" USE LOW TUNE-UP POWER." 

980 PRINT 1NPUT"ENT&R A=ACCEPT Of RsREJECT VALUES'", TT 
990 PRINT IF TT-"R" THEN 500 

1000 PRINT"INPUT TUBE DATA. OR 0 IF NOT AVAILABLE" 

1010 PR INT"FOR APPROXIMATE DlSSAPHTIuNS AND DRIVE" 

1020 INPUT"ENTER GRID VOLTAGE AT I-PLATE MAX";VI-IF 71-0 THEN Vl=,1#EB 

1030 I NPUT "ENTER I b 1 •' AMPS ; AT I -PLATE MAX", Jl '• IF J1=0 THEN J 1*IM 

1040 INPUT"ENTER GRID OR SCREEN MU-FACTOR",MU 

105O IF rih=0 THEN PRINT "SET BIAS AND DRIVE BY TEST" GOTO 1268 

1060 IF MU=0 THEN PR INT"SET £ I AS AND DRIVE BY TEST" GOTO 1260 

1070 PRINT 

1100 K3=0 K4=l 

1110 IF MQ$= ,, C" THEN K3-.52 P4= 1.52 


1120 EX- 


EV-0 


1130 IF SV<0 IHEN EX=EB EV=EM M=1 
1140 VG--K3+ •;V1+EV/MU-K.4*EX/MU 
1150 VD--VG+V1 

1160 PRINT"PEAK RF GRID VOLT AGE=*', FNP f . VD; 

1170 PRINT" GRID BIAS VOLTHGE=”.;FNPCVG) 

1180 IF VU=0 THEN 1290 
1200 RA-HBS<VO/VD> 

1210 K6-11.82-35.59*PH+48.06+RA+Ph 
1220 IC-J1/K6 
12 30 PG-HBS<.9*VD*IC> *NV 

1240 PRINT" GRID CURRENT PEP TUBE. MH. = ", FNP-, ]0U0*IC .• 
1.350 PRINT" TOTAL DRIVE POWER, WAT IS=",FNP<PG> PRINT' 
1260 PRINT "TYPICAL STAGE POWER GAIN*”.- 
1270 IF SV«-1 THEN PRINT" 10" 

1280 IF SV-:-U THEN PRINT" 20" 

1290 F'RINT 

1300 IF SV 0 THEN 1500 

1310 INPUT "ENTER ISC, 3 AMPS ' AT IP KNEE"-UX IF T2“0 THE! 
1320 K5=.25 IF MOT-"C" THEN K5=.2 
1330 12=K G >*.J2 

1 340 P2-3V*12 PA=T2+V1*K5.'.; IF R2<PR THEN P2-PH 
1 350 PRINT "SCREEN CURRENT . MR.*" ,FNP< 1000*12 1 
1 360 PRINT" SCREEN DISSIPATION, WHTTS="FNP(P2> 

1370 PRINT 

1500 ES=EB-tM 

1.510 IE-2*K2 * E B +1P/ES 

1520 K 7=2 IF I HEN 

15 30 ZL.~ES.-T 72IP 'NV 

1540 PRINT 

1600 INFO l"CATHODE DRIVE CONDITIONS. V/N"- TT PRINT 
1610 IF f r="N , ‘ THEN 2000 
1620 PP-ABS* VD '*IF. '2 
1 TO 2C-VD, ■: 1E*1,5#IC - 


PLUS CIRCUIT LOSSES" 


AMPS' Ht IP KNEE"•J2 IF T2“0 
1 THEN \ 5-.2 


HEN J2~, 1*IM 




2-30 MHz 12V C 

28 V) 


P/N 


Rating 

Each 

Match Pr. 

MRF412,/A 


80W 

18.00 

45.00 

MRF421 

Q 

100W 

22.50 

51.00 

MRF422* 


150W 

38.00 

82.00 

MRF426,/A* 


25W 

18,00 

42.00 

MRF433 


12.5W 

12.00 

30.00 

MRF449,/A 

Q 

30W 

12.50 

30.00 

MRF450,/A 

Q 

50W 

14.00 

31.00 

MRF453./A 

Q 

60W 

15.00 

35.00 

MRF454./A 

Q 

80W 

15.00 

34.00 

MRF455./A 

Q 

60W 

12.00 

28.00 

MRF45B 


80W 

20.00 

46.00 

MRF475 


12 W 

3.00 

9.00 

MRF476 


3W 

2.75 

8.00 

MRF477 


40 W 

11.00 

25.00 

MRF479 


15W 

10.00 

23.00 

MRF485* 


15W 

6.00 

15.00 

MRF492 

Q 

90W 

16.75 

37.50 

SRF2072 

Q 

65W 

13.00 

30.00 

SRF3662 

Q 

now 

25.00 

54.00 

SRF3775 

Q 

75W 

14.00 

32.00 

SRF3795 

Q 

90W 

16.50 

37.00 

CD2545 


50W 

23.00 

52-00 

3800 

Q 

100W 

18,75 

41.00 

2SC2290 


60W 

19.75 

45.50 

2SC2879 

Q 

100W 

25.00 

56.00 


VHF/UHF TRANSISTORS 



Rating MHz 

Net Ea. 

Match Pr. 

MRF222 

25W 136 174 

14.00 

— 

MRF224 

40W 136-174 

13.50 

32.00 

MRF237 

4W 136-174 

3.00 

— 

MRF238 

30 W 136-174 

13.00 

30.00 

MRF239 

30 W 136-174 

15.00 

35.00 

MRF240 

40 W 136-174 

18.00 

41.00 

MRF245 

80W 136-174 

28.00 

65.00 

MRF247 

75W 136-174 

27.00 

63.00 

MRF607 

1.75W 136-174 

3.00 

— 

MRF641 

15W 407-512 

22 00 

49.00 

MRF644 

25W 407-512 

24.00 

54.00 

MRF646 

40W 407-512 

26.50 

59.00 

MRF64B 

60 W 407-512 

33.00 

69,00 

SD1441 

1 SOW 136-174 

74.50 

170.00 

SD1447 

100W 136174 

32.50 

78.00 

2N5591 

25W 136-174 

13.50 

34.00 

2N6080 

4W 136-174 

7.75 

— 

2N6081 

15W 136-174 

9.00 

— 

2N6082 

25W 136-174 

10.50 

— 

2N6083 

30W 136-174 

11.50 

24.00 

2N6084 

40W 136-174 

13.00 

31.00 


MISC. TRANSISTORS & MODULES 


MRF134 

$16.00 

MRF406 

14.50 

MRF136 

21.00 

MRF428 

55.00 

MRF136Y 

70.00 

MRF497 

14.25 

MRF137 

24.00 

MRF559 

3.00 

MRF138 

35.00 

2N1522 

10.50 

MRF140 

89.50 

2N3866 

1.25 

MRF150 

89.50 

2N4048 

10.50 

MRF172 

62.00 

2N4427 

1.25 

MRF174 

80.00 

2NS590 

10.00 

MRF208 

11.50 

2N 5642 

13.75 

MRF209 

22.50 

2N5643 

15.00 

MRF212 

16.00 

2NS646 

18.00 

MRF221 

10.00 

2N5945 

10.00 

MRF260 

7.00 

2N5S46 

13.00 

MRF261 

9.00 

2SC1969 

3.00 

MRF262 

9.00 

S10-12 

13.50 

MRF264 

13.00 

SAV6 

34.50 

NE41137 

3.50 

SAV7 

34.50 


Selected, matched finals tor Icom, Atlas, Yaesu, KLM, 
Kenwood, Cubic, TWC, etc. Technical assistance and 
cross-reference on CD, PT, SD, SRF and 2SC P/Ns. 
Quality parts users —call for quote 

WE SHIP SAME DAY • C.O.DJVISA/MC 

Minimum Order—Twenty Ooltars 

(619) 744-0728 



RF PARTS 

1 320 16 Grand Avenue 
San Marcos. CA 92069 
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The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Callbook lists the calls, 
names, and address Information for licensed 
amateurs in all countries from Canada to 
Panama including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S. possessions. 

The International Callbook lists the 
amateurs in countries outside North 
America. Coverage includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement is a new idea 
in Callbook updates; It lists the activity In 
both the North American and International 
Callbooks. Published June 1, 1987, this 
Supplement will include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


I 64u P Pit I r " 10 r Ml RuHER • EX* | ! ER 10 1 UHl!. MAT I ” 

I 650 I* Pi Ml" f u I ML E: X i TER ROME? . MAT TV - " . I NP <. MV 

166U FR1HT" PL US; C i RL Li I I L u3 3 " 

lt.ru F'RItif “ 10THi. OUTPUT MAnS="* IMI ‘ P'.HPP*MV 

I 680 PR I ti f PR i | i t *• ti k j VE I MPEJiRMCE- “ • ]HT * _% > PRINT 

2yUU PPiMf'THMi URDJ1I DESIGN" PRINT 

2U j y 1 MRU f "ENTER f USE UU fptj I L ARmT I IV PP ". T T 

2020 11in < r ■ eh u r i -Hi#i+c - s i pay. re •*. i 

2U30 ». T=L HdfV-M 

2040 INPUT" ENTER MAXIMUM FREWEMOV. MHZ" -FH 
2U5U INPUT" ENTER LOWEST FREQUENCY. MHZ"-PL 
206U PRJNf PRINT "LOAD IMPEDANCE SHOULD EE" IMP.: 
2*200 : iU 116,- < f n ♦FHiC T * 

2210 um-zl. .'<h 

zz2U print" roNP o hi *oru.S-' 

2230 IP OM’iS I HEN PRINT PRJNJ " 0 IS EXCELS IVE-S 
22*10 XI CL/12 


NHT IS* ,, .FNR- PPtHV 
. I NP* NVfCPP+PG.* > 


20J0 

2050 


'OHMS" 


CESSJVE-SEE Hum ROD 1m REFERENCE’ 


2310 PRINT** 
2320 PRINT* 
2400 input"! 
2410 INPUT*' 


"MHZ 
PF = ** 


TURNS approx. 


m250 X2=5U/"*>0P' ' 50/ZL ‘♦145-1 * 

22C0 xl - a ♦ * 1 2 +50/; ;2 > /1 45 

2220 C l-1£62* 2*n♦FL4X1 > 

2280 C2-1 EH/ - 2*rr+Ft. ♦XZ ■ 

2230 t-Xl/' zttHfFL ‘ 

2 300 PR It IT PRINT " I Ul lit 10 i . RPhC I IV NT " , F L - " MHZ - 
2310 PRINT" HI ID 50 OHM LOUD CAPNC 1fANCE - PF = " .! 
2320 PR] Nl “ MAMI MUM CO 1L I MRS THiKE . UN-*■ , FNP< L - 
2400 INPURR I HER CUlt DIAMETER, INCHES"*' D 
2410 INPUT" ENTER COIL LENGTH, INCHES", CL 
2420 C11= -OR*. L*> I S4CD+404CL >.«,• CD 
2430 PRINf" COIL UJRN$=‘RFNP'CfR 
244G PPI NT" TURNS/iHCH=".FHP*CM. CL • 

2450 PRINT" TAP COIL FOR HIGHER FREQUENCY PONDS“ 
2460 INPUT" ENTER ADDED BAND FPEOUENY OR 0".MF 
2420 I P=LN*F L, 'NF 

2480 PR III1 " 1 HP Hi ".FI IP < IR *. ** 1URI IS APPROX. " IF 
PENCE" 

24SO GOTO 2460 
2500 IF TiO*‘V" THEN 2600 
2510 FC= 1.5PFH MF-ZI ,’5U 
2520 C 3* 10 Ip, < 50P2PfrtFC * 

2530 C4C3/I1P 

2540 Ll‘>< 1+HP 50 /2/n/FC 

2550 PRINT“FOR PI FILTER-GROUNDED GRID INPUT" 

2560 PRINT" i: -1M=‘SFNPvC3 *, " PR" 

2570 1 R1MI " C - CATHODE=" . FNR •: C 4 *. " PF ’* 

2580 PR I NT " SEP IES INDUCTANCE* 4 * . FMKLk *. "UH" 
26O0 PRINT PRINT"ENTER POWER SUPPLY TYPE" 

2610 PRINT" I=FULL WAVE” 

2620 PRINT" 2=BRIDGE* 4 

26;30 PRINT" 3=FULL WAVE DOUBLER" 

2640 INPUT RT 

rc-rp/i •> 

2660 IF RT=3*THEN TS=EB/2.6 

2670 PR I NT“TRHNSFOPMER VOLT AGE- *M N!‘T*=.* 

2680 IF RT= 1 I HEN PRINT "EACH SIDE OF CENTER** 

26S O F».= 300 00 ♦ 11V ♦ 1P E B 
2700 IF RT=3 THEN FC=FC+5 

2710 PRINT" FILTER CHPRC I TRIICE, MFD ='MNT*;FCt 
3000 PRINT■RRIMT"EHTER HaNEW CONDITIONS" 


= " .Fill" 
FNP<C2 


2460 

24 .*0 


2500 

2510 


IF NF=U THEN PRINT OOTU 2500 
OH; 18 tHEN PR|N1“BUI SEE HR PEFE 


3010 PRINT" 
3020 PRINT" 
3030 PRINT" 
3040 INPUT U 
3050 IF T S~ **II“ 
3060 IF rj=‘R" 
3070 IF TJ:="P" 
308O STOP 

READY. 


R*PEVISE CONDI I IONS" 
P=REVISE POWER SUPPLY" 
0=QUIT" 

1HEN RUN 
THEN 500 
THEN 2600 


□ North American Callbook 

incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

a International Callbook 
Incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

incl. Shipping within USA $13.00 

Incl, shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. &l international Callbooks 

Incl. shipping within USA $53.00 

Incl. shipping to foreign countries 58.00 

***** + ****** 


Illinois residents please add 6*h% tax. 
All payments must be in U.S. funds. 


RADIO AMATEUR III I 


rtATEUR III I 

callbook 



Dept. F 

925 Sherwood Dr., Box 247 
Lake Bluff, 1L 60044, USA 


Tel: (312) 234*6600 
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b-X-VI 



Turn a few hours work into years of 
fun with Amateur Television. 


Cotwuf J ,»ny TV to & Ids) scan ATV mooiiot 

with the Communication Concepts ATv-2 converter. 

It allows you to monitor 430MH? ATV :ugnnlu using 
cnannet 2,3, or 4 on a slantJartl TV set. * 

without moot heat ion to the set The 

diode double balanced mixer 
reduces UHF TV in ter mod prop- ' 
terns An additional teature not ’ 

tound on at tier ATV rtownconverters ATV*2*W 


" “ 

* , 


is the incorporation of a post amplifier stage 
(6d8 mm gami foMnwmg the doubie- 
batanred mixer Ttus is especially 
tmparlant ami most ncibcabie on 
very wear signal reception. The 
■ » convertor requires an exter* 

f oai \2 vott DC regular 

J3 2 »» ed power supply at 

* 50 mdlramps 


ATV-2-PK Kit includes detailed- 
step t>y step instructions, printed circuit 
hoauJ and all electmnif scorttponerds as shown 

$44,95 

Wired and tested S59.95 


CALL ON WRITE FOR OUR FREE SMALL PARTS BROCHURE. 




CCI 


Communication 
Concepts Inc. PRK 


121 Brown Stroot • Day Ion, OH 45402 • (513) 220*9677 
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Table 2. Results of a typical run of the program, using 
approximations Vindicates an input). 

txjtmpl® Tubs Typ®— 4—10008 

* Power output- 1600 watts 

* One tube 
V Cl ass b 

* Plate- 3500 volts 

M Screen— 0 volts* bfa 

* Dissipation- 100U watts 
Plate current— 2031 ma peak 
tp min- 0* approximation 
Plate input- 2264.7 watts 
Dissipation- 664.7 watts 
Plate current— 647.1 ma averaqe 
Suitable all modes 

* brid, screen current-0* approximation 

* MU factor— 7 

KK arid voltage- 350 
tiias- O 

Grid current— 171.9 ma 
u»rid drive— 54. 1 watts 
Stage gain- 20 

Screen dissipation- 8.9 watts 
Exciterr to load— 177 watts 
Total drive- 239.1 watts + losses 
Total output— 1777 watts 
Z-drive- 274 ohms 

* Tube C-out- 7.1 p+ 

* C—stray— 15 pf 

* F max, min— 30, 3.5 mhz 
Plate impedance— 2709 ohms 
Q max- 12 

Max C tune- 201.8 pf 
Max C load- 1179 pf 
Max L- 11.3 uh 

* Coil 4 M dia, 5 M lonq 

Turns- 13.2 

* 14 mhz tap- 3.5 (approx) 

Cathode Filter 

C-in 70.7 pf 
C-out 12.9 pf 
L 1.1 uh 

* Bridqe Kectifier 
Transformer— 2692 volts rms 
Filter 5 mf 


plate voltage if maximum output is needed. In the low 
duty-cycle services, it may be desirable to exceed the 
usual oscillator-amplifier rating. Up to about 1.5 times 
the plate modulated amplifier rating seems to work 
well, with little loss of service life. 

Line 700 calls for the plate voltage at estimated max¬ 
imum plate current, which Is the intersection of the 
load line and the plate current curve for the peak in¬ 
stantaneous grid voltage. Since this is not yet deter¬ 
mined, several trials will be necessary to select a 
reasonable value. Maximum output is usually the de¬ 
sign goal in the Amateur Service. For this, use the 
plate current at the knee of the curve for the maxi¬ 
mum grid voltage shown on the tube curves, 
then follow the instructions. The program allows this 


important step to be replaced by an approximation, 
but this is only for the initial design. 

After this step, accumulated design values are out¬ 
put for checking. This includes power input, tube dis¬ 
sipation, and current. The type of service the design 
values are suited to is output; this is based on typical 
duty factors. Note that these assume good cooling. 
The design values can be accepted, or new ones cal¬ 
culated. 

Program lines 1000-1680 calculate and output fur¬ 
ther design data based on curve data. One input is the 
tube amplification factor, which is the screen factor 
for tetrodes. Typical values are 4-9 for tetrodes and 
20-150 for triodes. Grid and screen dissipation values 
must be checked against rated values. A small amount 
of instantaneous overload is allowable for the low 
duty-cycle services, but there is some risk of shorten¬ 
ing tube life if rated values are exceeded. Sometimes 
it is best to increase plate voltage to reduce drive re¬ 
quirements. 

This section also allows estimation of the drive im¬ 
pedance for grounded grid amplifiers. Drive require¬ 
ments and power fed to the load are calculated. 

The section from lines 2000-2490 relates to the plate 
tank circuit. A simple tapped coil pi-section tank is as¬ 
sumed. Values are calculated for the lowest frequen¬ 
cy. Tap points for higher bands are developed by an 
approximation. The actual tap points should be de¬ 
termined by a test for maximum output. The reason 
for this is the difficulty of estimating inductance and 
stray capacitance of the band switch and leads. 

The tank design assumes a Q of 10 at the lowest 
frequency. A flag is printed if the Q at the highest band 
exceeds 15, as a result of high tube plus stray capaci¬ 
tance. (See reference 1 for a means of avoiding this 
by designing the circuit as a L-PI network). 

Lines 2500-2580 give design data for a PI network 
grounded grid excitation input circuit. This assumes 
cutoff at 1.5 times the highest operating frequency. 
In principle, this design is not as good as a separate 
tank circuit for each band (Q -2, approximately), but 
it is far simpler and has presented no problems in years 
of use. 

Lines 2600-2710 give power supply parameters for 
three types of rectifiers. (When working with surplus 
transformers, it may be necessary to base the design 
on a particular transformer voltage rather than on plate 
voltage.) Remaining lines relate to re-runs. 

Table 2 shows results of a typical run of the 
program. 


references 

1. Robert P. Haviland, W4MB, "Low-Cost Linear Oesign and Construction," 
ham radio. December, 1982, p. 12. 
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W10 prefix was used by mobile, expedition and experimental stations. 


ever work a W10? 

Prefix hunters should snap to atten¬ 
tion at this one! But the bad news is 
that W10 prefixes were consigned to 
the scrap-heap shortly after World War 
II. The W10 prefix was a catch-all for 
mobile, experimental stations, and 
many of the calls were issued to ex¬ 
peditions who wished to keep in touch 
with home via Amateur Radio. 

The most famous of these unusual 
calls was W10XDA, the ham-band call 
of the schooner Effie M. Morrissey, 
under Captain Robert Bartlett, a noted 
Arctic explorer. The Morrissey made 
numerous trips to Northern Greenland 
from 1936 through 1939, and the call 
was well-known on the 20-meter phone 
band. 

The adventures of the Morrissey and 
Captain Bob had slipped to the back 
of my mind until (read an article about 
New Bedford, Massachusetts in Yan¬ 
kee. 1 Almost as an afterthought, the 
author mentioned the Ernestina , an 
1894 schooner presently being re¬ 
stored at anchor in New Bedford. The 
author further stated that this was for¬ 
merly the famous Morrissey , which 
had not only explored the Arctic, but 
also served as an immigrant packet in 
the 1890s. 

So Amateurs wishing to review 
some of their own history might visit 
this famous schooner, which once 
bore the proud call sign W10XDA that 
started a hundred pile-ups on 20 
meters, so many decades ago. 

more about the super¬ 
cathode driven amplifier 

Judging from mail received, there is 
considerable interest in the cathode 
driven circuit and the super-cathode 
driven offspring. Here are some specif¬ 


ics on the 4-400A as used in that cir¬ 
cuit (see fig. 1). 

In conventional grounded grid serv¬ 
ice, a single 4-400A can run at 1 
kW PEP input, requiring about 40 
watts PEP drive power. While many 
Amateurs have operated one or two 
tubes in this fashion, with both grids 
grounded, the margin of error for ex¬ 
cessive grid dissipation is small. In ad¬ 
dition, grid and screen currents are 
quite high. 

When the 4-400A is run in super¬ 
cathode driven service, grid and screen 
dissipation drop, along with the cor¬ 
responding currents, and grid drive 
power rises. The circuit for a single 
4-400A, in fact, may be adjusted to 
"soak up" the drive power of most 
modern hf SSB exciters, which usually 
run 100 to 130 watts output. 

An experimental amplifier was con¬ 
structed using a single 4-400A; the 
operating characteristics are summa¬ 
rized in table 1. Note the unusually 
high value of cathode input im¬ 
pedance. 


The amount of drive required by the 
amplifier is determined by placement 
of the cathode tap. The nearer the tap 
is to the filament end of the choke, the 
greater the required drive. When the 
tap is at the "ground" end of the 
choke, the tube operates in the con¬ 
ventional grounded grid mode. For the 
typical 100-watt output exciter, the tap 
is placed about one-third of the dis¬ 
tance down the choke from the tube 
end. 

It is necessary to use a blocking ca¬ 
pacitor between the tap point on the 
choke and the grid in order to prevent 
the ac filament voltage from reaching 
the grid. The dc grid return is then 
completed through a small rf choke. 

In any case, total grid current (sum 
of grid and screen currents) should be 
limited to about 150 mA. 

the tapped filament choke 

A handy filament choke can be 
made by winding two equal lengths of 
wire on a ferrite rod. One wire is Form- 
var (or enamel) insulated, the other is 
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Table 1. Suggested operating parameters for 4-400A in Super cathode driven 
service. 


Plate voltage (key 
down) 

3000 VDC 

Plate current (car¬ 

* 

rier insertion) 

333 mA 

Power input 
(peak) 

1000 w 

Power output 
(measured) 

600 W 

Power drive 

100-125 W 

Plate load im¬ 
pedance 

4100 ohms 

Cathode input im¬ 
pedance 

420 ohms 


Drive power depends on tap setting on filament choke. 

Note: The above data has been determined experimentally by Bill Orr, W6SAI, and does 
not represent the opinion of Varian/EIMAC. 


bare, tinned. The tinned wire allows 
the experimenter to tap along the 
choke; the Formvar insulation on the 
other wire prevents the solder from 
flowing onto the adjacent turns and 
causing a short circuit. 

The super-cathode driven amplifier 
tunes up in the conventional way. 
Plate voltage is applied and plate cir¬ 
cuit resonance is established at a low 
drive level. Drive power should be 
checked with an in-line wattmeter in 
the coax lead to the amplifier. The tap 
is adjusted on the filament choke for 
maximum output when the exciter is 
running at the desired input level. 

Warning! Keep your hands out of 


the amplifier when the high voltage is 
on. After turning off the power sup¬ 
ply, short the B-plus lead to ground in 
the amplifier with a plastic-handle 
screwdriver or other insulated tool to 
make sure the filter capacitors are dis¬ 
charged before you do any work on 
the amplifier. High voltage is deadly! 

"stealth" technology 
— in police radar! 

We've all read about the new stealth 
technology, by which a fighter plane 
is rendered “invisible” to radar. Well, 
science has taken another gigantic 
step. The September issue of Defense 
Electronics tells about an advertise¬ 


ment in a leading auto magazine offer¬ 
ing motorists the opportunity to elude 
police radar for only $17.95. Accord¬ 
ing to the ad, the technique involved 
is the same as the one used to make 
U.S. aircraft invisible to enemy radar. 
A breakthrough in low-cost counter¬ 
measures? No. Just an aerosol can of 
silicone spray unconditionally guaran¬ 
teed to deflect radar waves! 

The editor of Defense Electronics 
tried telephoning the company, but the 
line was always busy. . . no doubt 
Washington was calling to learn about 
the benefits of this momentous idea. 

Reminds me of the time I saw a big 
crowd of curious onlookers outside a 
shop in the golden days of CB radio. 
What could be causing the commo¬ 
tion? I stopped and found a fellow sell¬ 
ing “SWR grease” from the back of 
his truck. Smear the grease on your 
mobile whip antenna, he told the on¬ 
lookers, and your SWR will instantly 
drop to 1:1. I should have bought 
some and tried it on my three-element 
beam, but I had to finish paying off my 
purchase of the Brooklyn Bridge first. 

how good is 
a rubber ducky? 

The Lee DeForest Club (California) 
decided to make some meaningful 
measurements on typical handheld 
units in the 2-meter band. Willie Say- 
er, WA6BAN, sent along the results of 
those tests, along with a description of 
the setup. The field strength measured 
at a distance was converted into an¬ 
tenna efficiency, taking into account 
the power output of the handheld. The 
winner of the event was KG6NL, who 
was using an AEA “Hot Rod” anten¬ 
na, which exhibited an efficiency of 
about 57 percent. WA6BAN's hand¬ 
held, with a conventional “Rubber 
Ducky” produced a reading that indi¬ 
cated efficiency of only 7 percent. Oth¬ 
er handhelds with comparable antennas 
were in the same ballpark. 

rf light bulbs 
— a continuing problem 

Light bulbs that actually generate 
RFI, causing interference to nearby ra¬ 
dios, are on the market in quantity. 


4 - 400A 
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fig. 1. Super-cathode driven 4-400A circuit uses adjustable filament choke tap position to 
vary input drive level to be used. 
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Step up 

to the world's most- 
advanced antenna system! 

WITH NOT A SINGLE 
WATT WASTED IN LOSSY 
TRAPS! (There aren't any!) 


Hams in over 50 DXCC count¬ 
ries have done so already! 



The DJ2UT-Multiband-System$ 
offer: 

- Maximum gain plus F/B 
ratio with low VSWR across 
each band 

- 2 kW CW output power 

- 10/15/207(30) 40-meter 
Bands with up to 7 band 
coverage incl. WARC bands 
with self-supporting 
“TWIN-BOOM" and boom- 
legths from 8 to 20 ft 

- Air-core teflon dielectric coax- 
balun and stainless-steel 
hardware at no extra cost 

- traditional Blackforest crafts¬ 
manship 

The DJ2UT-MULTIBANDERS 
provide the superior full-size 
monoband-beam performance 
required during the present 
sunspot minimum. 

For further information contact: 



H.J. Theifer Corp. 

P.O. Box 5369 
Spartanburg, SC 29304 
(803) 576-5566 

or our distributor in Canada: 
Doilard’s Radio West 
P.O. Box 58236 
762 S.W. Marine Drive 
Vancouver, B.C. V6P 6E3 

Selected dealerships available. 



Sold under various brand names — 
GE's "Miser Maxi-light" and North 
American Philips' "SL-8" are two — 
they use less wattage to provide light 
and presumably last longer than con¬ 
ventional bulbs. Their threat to a-m ra¬ 
dio (and possibly 160- and 80-meter 
Amateur operation) is in the way they 
generate light. 

The rf light bulbs have an arc tube 
containing a metal vapor (mercury, in 
some cases) under pressure of sever¬ 
al atmospheres. Instead of using ordi¬ 
nary line voltage to heat the arc tube, 
ac is converted to dc through a recti¬ 
fier and then switched on and off to 
produce square waves at frequencies 
of 30 to 60 kHz. The square wave volt¬ 
age heats the arc tube and the light 
stays lit. If the arc tubes cools below 
operating temperature while the lamp 
is in use, there is a restrike, and rf is 
generated again. Worst of all, as the 
lamp ages, restrike occurs more often. 
The square wave and higher harmon¬ 
ics raise havoc with nearby a-m radios, 
the interference level from a single bulb 
is of the same order as that of a light 
dimmer of the triac variety. 

Because the rf bulb may come into 
widespread use, it is wise to see how 
the interference problem can be solved 
before the QRM factor becomes over¬ 
whelming. 

The National Association of Broad¬ 
casters, concerned about the problem, 
conducted tests on the new bulbs, 
along with both inexpensive and ex¬ 
pensive lamp dimmers. It was found 
that the more expensive dimmers had 
rf-suppression built in. Attenuated rf 
noise caused by their operation was 
about 8 dB for conducted measure¬ 
ments, and about 30 dB for radiated 
measurements. 

The rf bulbs radiated about the same 
amount of noise as the inexpensive 
dimmers. The GE MaxiLight generat¬ 
ed noise only during startup and re- 
strike, which resulted in rapid bursts of 
noise. The Philips bulb, on the other 
hand, generated continuous noise. 

The NAB and the FCC are discuss¬ 
ing possible limitations on rf radiation 
from these devices. So far, nothing 
has been decided, and the best 


Amateurs can do is to make sure their 
receiving antennas are well removed 
from these rf pests. This is more easi¬ 
ly said than done. 

old coax never dies 

How good is old coax? I had a 
50-foot roll of coax in the garage un¬ 
used since it was bought in 1944. 
Leaving it in its original coiled state, I 
shipped the coax back to Ron Stier, 
W9ICZ, at Belden Cable and asked him 
to check it, in his spare time, for at¬ 
tenuation. Was it contaminated? Had 
the rf loss increased over the decades? 
I pointed out that the cable had been 
protected from sunlight, but had been 
exposed to both high and low temper¬ 
atures over the 42 years that had 
passed. He tested the cable, and this 
is what he found: 


Frequency 

W6SAI 

New. Standard 

{MHz} 

cable 

cable 

50 

1.8 dB 

1.6 dB 

100 

2.5 dB 

2.2 dB 

200 

•1.0 dB 

3.2 dB 

400 

6.5 dB 

4.7 dB 

1000 

12.4 dB 

8.9 dB 


Ron pointed out that up to 200 MHz, 
any difference in attenuation may be 
attributed to minor differences in cable 
manufacture, and cable made to the 
old JAN specifications did not have 
design requirements above 400 MHz. 

It looks, then, that continuing ham- 
talk about contaminating and non¬ 
contaminating jackets and coax cable 
life are not necessarily valid, if care is 
taken in the use and storage of cable. 
Operating old cable under harsh envi¬ 
ronmental conditions may be another 
matter. But coax cable used in a pro¬ 
tected environment seems to last for¬ 
ever — at least at frequencies below 
200 MHz. 

reference 

1, ’’The Dearest Town in All New England,” Yankee, 
November, 1986, page 166. 
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the ubiquitous diode: 
part 1 

If there's one solid-state compo¬ 
nent that's taken for granted and 
seemingly understood by all Amateurs, 
it's the diode. However, in discussions 
with fellow Amateurs, it's clear to me 
that although the basic concept of its 
operation is understood, its almost un¬ 
limited uses are rarely known. 

For instance, when you mention di¬ 
odes, most Amateurs think of power 
supplies, zeners, "idiot diodes" (if you 
don't use them, you're an idiot), de¬ 
tectors, and perhaps mixers. But there 
are many other types of diodes such 
as varactors, PIN, noise, Gunn, SRD, 
tunnel, LED, laser, photo, and so 
forth. These and other diode types are 
very important to VHF/UHF/micro- 
wave Amateurs. 

This month's column will be devot¬ 
ed to the electrical and mechanical 
properties of the different types of 
VHF/UHF and microwave diodes. 
Next month's column will discuss 
specific applications using these 
diodes. 

early solid-state diodes 

The dictionary describes a diode as 
"a two-element electron tube or semi¬ 
conductor through which current can 
pass in only one direction." This defi¬ 
nition, however, doesn't mention any¬ 
thing about the diode's forward or 
reverse voltage/current characteris¬ 
tics, or its resistance, current handling 
capacity, junction capacitance, or ap¬ 
plications. 

Solid-state diodes were first described 
in a paper by Braun in 1874. However, 
they weren't used extensively until the 
days of the crystal radio sets to detect 
a-m from broadcast stations. This de¬ 
tection scheme — the process of 


changing rf to dc — is commonly 
referred to as rectification. Many years 
later, diodes were developed as low- 
voltage rectifiers for power supplies. 

point contact diodes 

Solid-state diodes are available in 
two major types, point contact and 
junction. Point contact diodes, the old¬ 
est solid-state type, date back to 1874 
as noted above. They were the most 
common types used in the days of the 
crystal set. 

The point contact diode is aptly 
named because in the early days it con¬ 
sisted of a piece of galena crystal (lead 
sulfide) or other suitable semiconduc¬ 
tor material and a "cat's whisker" or 
fine wire that came to a point and con¬ 
tacted the crystal as shown in fig. 1A. 
By properly adjusting the point of con¬ 
tact on the galena crystal, a semicon¬ 
ductor junction is formed. 

Low efficiency and the need to con¬ 
stantly readjust the contact on the ear¬ 
ly point contact diodes led to a change 
to vacuum tubes in the mid-1920s. 
However, by the early 1940s, solid- 
state diode performance was improved 
by the use of other semiconductor 
materials with better purity as well as 
different contact materials. 

Some of the improved materials in¬ 
cluded but were not limited to copper 
oxide, carborundum, and selenium. 
Later yet, higher-performance materi¬ 
als such as germanium, silicon, and 
gallium arsenide became available. De¬ 
velopment of materials continues to 
this day. 

The improved point contact diodes 
performed well for many decades. 
Probably two of the most famous 
packaged point contact diodes were 
the 1N21 and 1N34 types, which are 
still in widespread use today. However, 


point contact diodes usually have limit¬ 
ed current handling capacity and are 
difficult to reproduce in large quanti¬ 
ties at low cost. They also are very 
fragile both mechanically and electri- 
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cally because the contact wire and 
junction are so small. 

junction diodes 

Fortunately an important technolog¬ 
ical breakthrough occurred when the 
Planar™ semiconductor manufactur¬ 
ing process was developed by Fairchild 
Semiconductor in the late 1950s. This 
patented process is now widely used 
to manufacture junction diodes, which 
offer both economy and repeatable 
electrical characteristics. 

Most junction diodes are available in 
two geometries, planar and mesa . The 
typical planar geometry, shown in fig. 
IB, resembles a flat plane. Note that 
the top of the diode is usually covered 
with a thermal oxide or overlay that 
adds some additional stray capacitance 
to the diode. This oxide is a result of 
passivation, a process meant to help 
seal the diode against external mois¬ 
ture and impurities. 

The mesa geometry (fig. 1C), a var¬ 
iation of the planar type, was pi¬ 
oneered by Motorola, ostensibly to 
lower the capacitance across the junc¬ 
tion of the diode. It supposedly takes 
its name from the geological mesa, a 
steep-sided hill with a flat top. I've also 
been told, however, that this geome¬ 
try was named after the city where it 
was conceived — Mesa, Arizona — 
rather than from its apparent shape. 

Usually less fragile than point con¬ 
tact types, junction diodes can be 
designed to have large current han¬ 
dling capacity. Many thousands of 
these diodes can be easily manufac¬ 
tured simultaneously on a single 2, 3 
or 6-inch diameter semiconductor wa¬ 
fer and later divided into individual 
units. 

Schottky diodes 

8y now you're probably wondering 
why I haven't mentioned the Schottky 
barrier or "hot carrier" diode. The rea¬ 
son is that it's a more recent configu¬ 
ration that works on an entirely 
different principle than the previously 
mentioned diodes. 

The diodes discussed so far operate 
on the principle of minority carrier cur¬ 
rent, where the actual junction of the 


diode is buried within the semiconduc¬ 
tor material. The hot carrier diode 
works on the principle of majority car¬ 
rier current, where the rectification 
takes place right at the junction of the 
two materials. 

The hot carrier diode was first the¬ 
orized in 1938 by W. Schottky, 1 who 
described an idealized diode that 
would consist of metal contacts on a 
semiconductor material. The hot car¬ 
rier diode as we know it today wasn't 
produced commercially until the 
mid-1960s. It uses the planar process 
but a different metalization scheme 
(fig. ID). 

electrical parameters of 
solid-state diodes 

Let's first review some of the major 
characteristics of semiconductor di¬ 
odes and the materials used to pro¬ 
duce them. The most important elec¬ 
trical parameters of a semiconductor 
diode usually are forward voltage drop, 
reverse breakdown voltage, junction 
capacitance, and current handling ca¬ 
pacity. 

The forward voltage characteristic 
of a diode is a very important parame¬ 
ter. Often referred to as the "barrier" 
voltage or forward "knee," forward 
voltage is the minimum voltage re¬ 
quired for a specific current to flow in 
the diode. In point contact diodes, this 
barrier voltage can approach zero 
volts. But in junction diodes, the bar¬ 
rier voltage is primarily a function of 
the solid-state material and the resis¬ 
tance of the metal contacts used to 
form the diode. 

semiconductor materials 

The most common semiconductor 
materials presently used in the 
manufacturing of junction diodes are 
germanium, silicon, and gallium ar¬ 
senide. Germanium has the lowest 
barrier voltage, typically 0.3 volts at 1 
milliampere of forward current at room 
temperature. However, germanium 
has poor thermal stability, especially as 
temperature increases. 

Silicon is surely the most common 
semiconductor diode material in use 
today. When used in junction diodes 


it has a medium barrier voltage of 
about 0.6 volts at 1 milliampere. Sili¬ 
con is plentiful, inexpensive to pro¬ 
duce, easy to use, has good cutoff 
frequencies (typically greater than 10 
GHz), and reasonable thermal stability. 

The use of gallium arsenide in di¬ 
odes is more recent. It is often used 
in the microwave and millimeter-wave 
spectrum since it has a much higher 
mobility and hence a higher cutoff fre¬ 
quency than either germanium or sili¬ 
con. Its barrier voltage is high, typically 
around 1.1 volts. 

The barrier voltage of a hot carrier 
diode is influenced by the semiconduc¬ 
tor material as well as by the metaliza¬ 
tion contact materials. By changing 
the contact metals to the semiconduc¬ 
tor material, the barrier voltage can be 
altered. 

Hot carrier diodes usually use either 
silicon or gallium arsenide for the semi¬ 
conductor material. Silicon hot carri¬ 
er diodes have a typical barrier voltage 
of 0.3 volts, about half that of a typi¬ 
cal silicon junction diode. Furthermore, 
hot carrier diodes can now be made 
with almost no barrier voltage. These 
devices are usually used as detectors 
and are often referred to as "zero- 
biased Schottkys". 

For comparison, the typical low- 
level forward voltage versus current 
characteristics of point contact and 
junction diodes using germanium, sili¬ 
con, and gallium arsenide are shown 
on the graph in fig. 2. Zero-biased as 
well as low, medium, and high barrier 
silicon hot carrier diodes are also 
shown. 

Notice in fig. 2 that as the current 
increases, the forward voltage drop 
across the diode increases. This is true 
because as current increases, there is 
an additional voltage drop across the 
total series resistance, Rj. 

This total resistance is the sum of 
the series resistance, Rs, and the junc¬ 
tion resistance, Rj, of a diode. This is 
shown schematically in fig. 3 and in 
eqn. 1 below. 

R t =R s +Rj (1) 

where R-p, R$, and Rj are in ohms, R$ 
is primarily a function of the resistance 
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FORWARD VOL TAGE ACROSS DIODE 


fig. 2. Forward voltage versus current characteristics of typical diodes: (A) zero-biased 
hot carrier: (B) point contact: 1C) low-barrier hot carrier: (D) medium barrier hot carrier 
(the typical type): IE) silicon junction: (F) high barrier hot carrier: IG) gallium arsenide. 






fig. 3. Equivalent circuit for a typical diode. Cj is junction capacitance. C 0 is the over¬ 
lay or passivation capacitance, C p is package capacitance (if package is used), L s is 
series inductance of package, Rj is junction resistance, and R s is series metalization 
and bonding resistance. 


of the connecting wire and the metali¬ 
zation resistance of the semiconduc¬ 
tor material, Rj is a function of the 
forward current in the diode junction 
and can be approximated by: 

/?, = #- (2) 

n 

where lj is the total current in the di¬ 
ode in milliamperes. 

For instance, if the series resistance, 
Rs. of a diode is 5 ohms and the for¬ 
ward current is 1.0 milliampere, the to¬ 
tal resistance of the diode, Rj, will be 
approximately 31 ohms. At 10 milliam- 
peres of forward current, the total re¬ 
sistance will drop to about 7.6 ohms. 

R t is very important since the 
higher the series resistance, the higher 
the voltage drop across the diode, and 
the lower the efficiency (especially at 
small signal levels). High series resis¬ 
tance also means that more power will 
be dissipated as heat in the diode. 

It can be shown that to lower the 
forward resistance and raise the cur¬ 
rent handling capacity of a diode, the 
area of the semiconductor material 
must be increased. However, this 
usually increases the junction capaci¬ 
tance and hence decreases the maxi¬ 
mum frequency of operation. 

breakdown voltage 

Reverse breakdown voltage is an¬ 
other very important electrical param¬ 
eter of a semiconductor diode. Typi¬ 
cally speaking, at low reverse voltage 
little (perhaps microamperes) or no re¬ 
verse current flows through the diode. 

Each diode has a specific reverse 
breakdown voltage at which the junc¬ 
tion avalanches and high current flows, 
limited only by the resistance of the di¬ 
ode itself arid any external resistance 
in series with the power source. If this 
avalanche current is not sufficiently 
limited, the diode will be destroyed 
quickly. 

The reverse breakdown voltage of a 
diode is a function of the material and 
the metalization. Figure 4 shows some 
typical breakdown voltages versus 
type of diodes. Generally ^peaking, it 
is only a few volts on the point con¬ 
tact and zero-biased hot carrier diodes 
used for low-level signal detection. On 


the other hand, power supply rectifi¬ 
ers can have high reverse breakdown 
into the hundreds of volts. 

diode capacitance 

One of the most important para¬ 
meters for high frequency operation is 
the total capacitance across the diode, 
Cj. 

This capacitance is: 

Cp = Cj + Cq + Cp 

Referring to the equivalent circuit of a 
diode in fig. 3, Cj is the junction ca¬ 


pacitance, Cq is the overlay capaci¬ 
tance (usually kept to a minimum, as 
described earlier), and Cp is the capac¬ 
itance due to the package (if any), all 
in pF. 

Package and overlay capacitance 
are fixed quantities, but junction ca¬ 
pacitance decreases to some nominal 
value when the diode is reverse- 
biased. For detector and mixer diodes, 
this capacitance is usually measured at 
zero volts or at some low reverse volt¬ 
age — for example, 1 to 4 volts (de¬ 
pending on the reverse breakdown 
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voltage of the diode). The total capac¬ 
itance of a typical UHF hot carrier di¬ 
ode versus bias voltage is shown in 

fig. 5. 

The effect of the total capacitance 
on the operation of a diode can be en¬ 
visioned intuitively. The greater the 
shunt capacitance, the more likely that 
the signal entering the diode will by¬ 
pass the junction resistance, where it 
can offer the most rectification. There¬ 
fore the greater the total capacitance 
across the diode, the lower the maxi¬ 
mum frequency of operation. The 
maximum frequency of operation ver¬ 
sus junction capacitance for a typical 
hot carrier detector diode can be esti¬ 
mated based on the data shown in 
table 1. 

tuning diodes 

Capacitance in the junction of a di¬ 
ode is not always bad. If the semicon¬ 
ductor material is properly doped, a 
diode can be developed and used as 
a voltage-variable capacitor or tuning 
diode, which is often referred to as a 


Table 1. Typical maximum recommend¬ 
ed junction capacitance versus maxi¬ 
mum frequency of operation for hot 
carrier detector and mixer diodes. 


Maximum 

Maximum 

Frequency 

Cj 

in GHz 

in pF 

0 1 

0.7 

0.3 

0.6 

1.0 

0.45 

3.0 

0.35 

10.0 

0.22 

"varactor" diode. 

Varactors are used 


in modulators, tuned filters, voltage- 
controlled oscillators, and frequency 
multipliers. 

There are two major types of varac¬ 
tor diodes, abrupt and hyper-abrupt 
junction. In the abrupt junction type, 
the capacitance versus reverse voltage 
follows a logarithmic characteristic as 
shown in fig. 5. 

Abrupt junction diodes are most of¬ 
ten used where high Q and a moder¬ 


ate (i.e., 2:1 or 3:1) capacitance tuning 
ratio is acceptable. Most abrupt junc¬ 
tion diodes are specified at a nominal 
capacitance with -4.0 volts applied 
across the junction, a defined tuning 
ratio, and Q at a specified frequency. 
The Q of a diode increases as fre¬ 
quency and the capacitance decreases. 
It is seldom desirable to operate a 
varactor diode with low reverse vol¬ 
tages (1.0 volts or less) since the di¬ 
ode may begin to rectify. 

Hyper-abrupt junction diodes are 
most often used where very large (i.e., 
greater than 3:1) tuning ratios are re¬ 
quired. Tuning ratios approaching 10:1 
are possible. Hyper-abrupt varactors 
typically have lower reverse break¬ 
down voltage specifications, are more 
sensitive to temperature variations, 
and usually have a lower Q than 
equivalent abrupt junction diodes. Fur¬ 
thermore, they are usually operated 
over a narrower tuning voltage range. 
For comparison, a typical hyper-abrupt 
tuning capacitance versus reverse volt¬ 
age characteristic is shown in fig. 5. 

diode packages 

In extremely demanding applica¬ 
tions, diodes are often used in chip 
form because this tends to lessen any 
parasitic elements in the operation of 
the diode. But this isn't always desira¬ 
ble, especially for Amateurs. Unpack¬ 
aged diodes are small, fragile, and 
difficult to handle. Furthermore, they're 
often not hermetic, even when pas¬ 
sivated. 

As a result, most Amateurs prefer to 
use packaged diodes, which are not 
only easier to handle but also general¬ 
ly easy to remove or change if that be¬ 
comes necessary. Therefore, it is very 
important that due consideration be 
given to the choice of the package. 

One of the oldest semiconductor di¬ 
ode packages is the so-called 1N21 
style, as mentioned above (fig. 6A). 
Polarity is usually marked on the pack¬ 
age. In some versions, the diode pack¬ 
age can actually be separated into two 
pieces and reversed if the opposite 
polarity is desired. This package is 
most often used for older and replace¬ 
ment point contact diodes. 
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By far one of the most common di¬ 
ode packages used by Amateurs is the 
glass or plastic axial lead type (fig. 
6B). The diode substrate is bonded to 
one lead of the package. The other 
package leacj may be bonded by ther¬ 
mocompression to the other side of 
the diode lead if high reliability is re¬ 
quired. Where economy is important, 
the second lead is usually attached to 
the diode with a whisker or pressure- 
type lead, which is often referred to as 
a "C" spring. This package usually has 
low shunt capacitance. However, it 
also has high (i.e,, at least several 
nanohenries) series inductance shown 
as Ls in the diode equivalent circuit in 
fig. 3. 

Another popular type of package is 
the microwave pill. Used where dissi¬ 
pation or extremely low inductance 
contact is required, it is shown in one 
form in fig. 6C. If heat is a real prob¬ 
lem, the base of the package may be 


threaded as shown in fig, 6D. 

Stripline pill type packages are also 
used (fig. 6E). In special situations, the 
beamlead diode is popular because it 
has the diode integrated into the leads 
as shown in fig. 6F. However, this 
type of diode mounting may also be 
difficult to handle because it's so small 
and fragile. 

The choice of the proper package 
for a microwave diode is very impor¬ 
tant. Hundreds of differentidiode pack¬ 
ages are now in common use. Each 
one has its advantages and disadvan¬ 
tages. When cost is important, some 
compromise in performance may be 
justified. However, in applications 
where the ultimate in performance is 
required, the package will be costly 
and perhaps difficult to use. 

summary 

In this month's column we dis¬ 
cussed the basic electrical and 





z _r j 

*l > > ■ f i ~ 4 ■! I 


fig. 6. Some typical diode packages: (A) 
1N21 type: (B) axial lead glass or plastic 
type: (C) microwave pill: (D) microwave 
pill threaded post: (E) stripline: (F) 
beamlead. 
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* FEATURES * 

PROCESSORS 6088 K BIT 4.77MH2 PROCESSOR 

OPTION AT 8087 HATH COPROCESSOR 

MEMORY 256K RAM EXPANOfitE TO 640K 
DIRECTLY ON MOTHER BOARO 

DISK DRIVES 2 D/S DO FLOPPY DRIVES 360K 

KEYBOARD DELUXE KEYBOARD LED INDICATORS 

SYSTEMS MS-DOS CPM-86 PC-DOS ZEMX BASIC 

SOFTWARE RUNS FLIGHT SIMULATOR D6ASEM 
FRAMEWORK SYMPHONY RBASE 
LOTUS 123 WORDSTAR PFS FILE ETC. 

OPTIONAL 20 OR 30 MEG HARD DRIVE 
AUTO/BOOTING 

DISPLAY COLOR RGB OR COMPOSITE MONO 
PRINTER CENTRONICS PRINTER PORT 
• I3SW POWER SUPPLY * 30 DAY WARRANTY * 


AZOTIC INDUSTRIES 
2026 W BELMONT 
CHICAGO ILL 60618 
312-975-1288 

VISIT OUR RETAIL STORE 

^ 203 


WE ALSO STOCK THE F0LL0WNG ITEMS 

♦MEMORY CHFS* 

♦CONNECTORS* 

♦TTL CHIPS* 

♦TRANSFORMERS* 

♦CMOS CrtPS* 

♦SWITCHES* 

♦LINEAR DIPS* 

♦CAPAQT0RS* 

♦TRANSISTORS* 

♦RESISTORS* 

•DI00ES* 

♦METERS* 

♦LEDS* 

♦BREADBOARDS 


COMPATIBLE 

COMPUTER 



$ 599.00 


* 2 FLOPPY DISK DRIVES 

* COLOR GRAPHICS CARD 

* 8 EXPANSION SLOTS 

* PRINTER PORT 

* 256k RAM MEMORY 

Mil Ml HI IICMill 


MICROWAVE MODULES Ltd. 


LIVERPOOL ENGLAND 


LINEAR TRANSVERTERS 

Sse-cw .-AM- FM PX PRICE 

MMT 50/28'S 50 MHz 20 Watts $342 00 

MMT 50/144 50 MH7 20 Walts 342 00 

MMT 144/28 144 MHz 10 Watts 186.00 

MMT 144/28-R 144 MHz GaAsFET 25 Watts 342 00 

MMT 220/28-S 220 MHz 15 Watts 242.00 

MMT 432/28-S 432/435 MHz 10 Wafts 285 00 

MMT 1296/144-G 1296 MHz GaAsFET 2 W 362 00 

MMT 1268/144 OSCAR Mode-L 2 Watt xm« 276 00 

CONVERTERS 

MMC 144/28-HP 2 m GaAsFET 
MMC 432/28-S 70 cm Down to 10 m 
MMK 1296/144 23 cm Down to 2 m 

CALL fOK CATALOG ANO OSCAR srsr IMS 
PRICES SUBJECT TO CHANGE WITHOUT AOVANC.€ NOTICl 
viSA MAsrefiCAfto accfpreo 


74 00 
63 00 
186.00 


MML 

MML 

MML 

MML 

MML 

MML 

MML 


P OWER AMPLIFIERS 

PREAMPLIFIER BUILT-IN PX PRICE 

144/30-LS 144 MHz 30 Watts HT AMP. $129 00 
144/1Q0-LS 144 MHz 100 Watt HT AMP 
144/200-S 144 MHz 200 Watt GaAsFET 
432/30-L 432 MHz 30 Watt HT AMP 
432/100 432 MHz 100 Watt ATV/SSB/FM 
432/50 432 MHz 50 Watt 10 Watt in 
1296/15 1296 MHz 15 Walts 


242.00 

429.00 

232.00 

429.00 

219.00 

CALL 


PREAMPLIFIERS GaAsFET 


MMG 144V 2 m RF Switched 

MMG 1296 23 cm 

ATV 

MMC 435/600 70 cm Block Converter 
MTV 435 20 Watt 70 cm xmtr 


65.00 

111.00 


69.00 
299 00 


CONVERTERS 
PREAMPLIFIERS 
ATV - OSCAR 


THE " PX ” SHACK 

li INI vvVr.K iJ/OVs 
(;Ei i f Mi a ;, f.j ) i 
’ll, H . < 1.1) I i 
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CALLING HOURS 
f 1 AM - 2 PM orders 
6 PM — 10 PM loch meal 
EST. 


mechanical properties of VHF/UHF 
and microwave solid-state diodes. 
Other less well-known properties must 
be understood before you can choose 
the appropriate diodes for specific ap¬ 
plications; some of these properties 
will be discussed next month. Other 
types of diodes suitable for specific ap¬ 
plications will also be discussed. See 
you next month! 

new dx records 

In last month's column we updated 
all the latest North American DX 
records. 2 But as the January issue 
went to press, two more records were 
broken! 

As predicted in that column, the 
33-cm (903 MHz) record was further 
extended. On September 14, 1986, a 
Georgia VHF/UHF contest group sign¬ 
ing WS4F/4, operating from Mount 
Toxaway, North Carolina (EM85MN), 
worked W40DW in Niceville, Florida 
(EM60SM). This extends the 33-cm 
tropo DX record to 377 miles (606 
kilometers). Congratulations to all in¬ 
volved. 

I have also just been informed that 
the North American 9-cm (3456 MHz) 
tropo DX record was also broken by 
a comfortable margin when WB5LUA/5 
in Mena, Arkansas, worked WA5TNY/5 
in Fairy, Texas. I hope to include all 
the details on this contact in next 
month's column. Congratulations to Al 
and Rick! 

Important VHF/UHF Events: 

February 25: EME perigee 

March 21. ±2 weeks. Optimum time for 

TE propagation 
March 24: EME perigee 

references 

1 W. Schoitky, "Naiurwissenschatlen," Z Physics, 
Volume 26, 1938, page 843. 

2 Joe Reiseri, W1JR, "VHF/UHF World: Microwave 
and Millimeter-Wave Update.'* ham radio, January, 
1987, page 63. 
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testing components 

A basic question often asked is how 
to test diodes. You can use an ohm- 
meter to measure the diode's resis¬ 
tance in both directions. If the diode 
conducts current in only one direction, 
you'll find — as expected — a large, 
seemingly infinite resistance when the 
ohmmeter probes reverse-bias the 
diode under test. When the probes 
forward-bias it, you'll find a very low 
resistance. 

For small signal diodes, use the 
XI00 or XI000 scales of a VOM; for 
power supply rectifiers, use the XI 
scale. Note the values obtained in 
both directions. The positive (the red 
lead, normally) should show low resis¬ 
tance; the second reading (with leads 
reversed) should be very much higher 
than the first. 

What does "very much higher" 
mean? When I first started out as an 
apprentice technician in 1959, seleni¬ 
um rectifiers showed only a 2:1 ratio 
between forward and reverse resis¬ 
tances; 500-mA silicon rectifiers 
(which were all in "top-hat" packages 
in those days) showed 5:1 or so. Later, 
the 1N4xxx-series devices showed 10:1 
or greater. Similarly, germanium small 
signal diodes (1N34, 1N60, etc.) 
showed 5:1 when good, while silicon 
devices (1N23, 1N914, 1N4148, etc.) 
showed 10:1. Modern varieties of 
these same diodes show 100:1, ac¬ 
cording to ohmmeter tests that I ran 
for this article. Keep the older values 
in mind, however, because "antique" 
diodes tend to show up in bargain 
packs, in older equipment under 
repair, and in hamfest "specials". 

testing SCRs 

Although silicon controlled rectifiers 
(SCRs) can be tested with an ohm¬ 


meter in a similar manner, it's first 
necessary to determine whether or not 
the gate of the SCR is capable of con¬ 
trolling the diode. Three questions 
must be asked. Will the gate turn on 
the device? Does the SCR act like a 
regular diode after turn-on? And does 
it turn off when the current drops be¬ 
low a certain value? 



OSCILLOSCOPE 
VERTICAL INPUT 




rh 


RZ 
Z 2M 

I |- 


rh 


OSCILLOSCOPE 
HORIZONTAL INPUT 



R3 

220k 


hi 


hi 


CATHODE 



DIODE UNDER 
TEST 


fig. f. Simple diode curve tracer can be 
constructed using available oscilloscope 
and a few additional components. 


The gate circuit can be tested by 
connecting the positive ohmmeter 
probe to the SCR's anode and then 
taking a resistor (experiment with the 
value, which depends upon turn-on 
current of the SCR) and connecting it 
between the anode and gate. The 
resistance of the SCR should be high 
before the resistor is connected, and 
low afterwards. After turn-on, remove 
the resistor. The SCR should still con¬ 
duct. Disconnect the positive probe 
and then reconnect it. If the SCR is 
good, the resistance will again be high. 


Note: this method works only on low- 
current SCRs; the ohmmeter current 
is less than the hold-on current of high- 
amperage SCR devices. 

Because other (parallel) circuit 
resistances can affect results, testing 
diodes with an ohmmeter is done out 
of circuit. When troubleshooting, dis¬ 
connect one end of the diode before 
attempting to test. In dc power sup¬ 
plies, there are good reasons to dis¬ 
connect both ends of the diode under 
test. Stored charges, even in low- 
voltage circuits, can destroy the diode 
— or even the ohmmeter — in the 
event of a mistake. Considering the 
voltages present in high-voltage pow¬ 
er supplies, it can also be dangerous. 

VOM versus DMM 

VOMs typically used a 1.5-volt bat¬ 
tery in the ohmmeter circuit. Bench 
model vacuum tube voltmeters (VTVM) 
also used 1.5-volt batteries (or electron¬ 
ic power supplies in a very few models) 
for the ohmmeter, even though they 
were also powered from the 110-volt 
ac line. Be careful when using ancient 
VOM/VTVM instruments, by the way; 
some pre-1955 models used 22.5-volt 
batteries for the ohmmeter, and these 
instruments will blow every diode you 
try to test. Suspect this as the cause 
if you're using an older instrument, or 
if every diode you test seems to be 
shorted (they are!). 

Modern digital multimeters typical¬ 
ly use low-voltage sources for the 
ohmmeter function. The voltage lev¬ 
els used won't forward-bias the diode, 
so the diode will test open. Most in¬ 
struments of recent design have a 
"high-power" ohmmeter function spe¬ 
cifically for testing diodes. The high- 
power function will sometimes be 
marked, but in most instruments it's 



February 1987 


65 






designated on the function switch with 
just a diode symbol. On a few instru¬ 
ments, a Hi/Lo Ohms switch is used 
for exactly the same purpose. 

One reader wrote to ask why differ¬ 
ent meters give different readings in di¬ 
ode testing. This is because different 
meters use different voltage sources 
and have different internal circuit 
resistances. This same effect is seen 
when switching scales on the same 
ohmmeter. 

matching diodes 

Matched diodes are needed in a va¬ 
riety of circuits — for example, in ratio 
detectors, in discriminators and other 
I'm demodulators, and in quadrature 
phase detectors, which are used in in¬ 
strumentation applications. With mod¬ 
ern diodes and most circuits (note the 
caveatsl), diode matching isn't neces¬ 
sary unless you're trying to squeeze 
every last little drop of performance 
out of the circuit. Some replacement 
part manufacturers offer matched 
pairs of 1N60 diodes for high fidelity 
fm tuners; in communications applica¬ 
tions, diode matching is only rarely im¬ 
portant. 

If you feel you must match diodes, 
use an ohmmeter to measure the for¬ 
ward and reverse resistances of several 
diodes, selecting those with the closest 
resistance readings. 

build a simple 
diode curve tracer 

Figure 1 shows a method by which 
an oscilloscope can be used to trace 
the I vs. V curve of a PN junction 
diode. Transformer T1 is a low-vol¬ 
tage filament transformer, I used a 
25.6-VAC, 300-mA model, but any¬ 
thing from 6.3 VAC to 26 VAC can be 
used. The high resistances, effective¬ 
ly in series with the diode under test, 
prevent burn-out. Figure 2 shows 
several oscilloscope traces under vari¬ 
ous conditions. Figure 2A shows the 
normal diode trace for a good 1N914; 
fig. 2B shows the trace for an open 
diode. Figure 2C shows a shorted di¬ 
ode, and fig. 2D, a very leaky diode 
(simulated by shunting 2.2 k across 
the 1N914). 


additional notes on 
transistor substitution 

In recent columns (September and 
October, 19861 we discussed transis¬ 
tor substitution, A reader from Califor¬ 
nia reminded me of something I'd seen 
in repair shops a decade ago but for¬ 
gotten. When dealing with older equip¬ 
ment, or with project circuits designed 
more than 20 years ago, be careful in 
making substitutions with modern 
devices. In fact, you can even run into 
problems with transistors of the same 
type number, but of modern manufac¬ 
ture. The problem is two-fold. 

First, older transistors didn't attain 
the frequency specs that modern tran¬ 
sistors do. Even though recently manu¬ 
factured units may have the same type 
number, they'll now have a much 
higher frequency response. This situ¬ 
ation is especially likely when using a 
substitute from a replacement line, 


where the original type is no longer 
available but a "better" substitute is 
offered. Years ago, circuit designers 
didn't have to worry as much about 
layout and stabilization because the 
transistor was self-limiting. At frequen¬ 
cies where oscillation could occur with 
a high-frequency device, the gain was 
too low to support Barkhausen's criter¬ 
ia for oscillation; that isn't the case to 
day. If a high-frequency transistor is 
substituted for an older device, it might 
oscillate. 

Second, the C-E, C-B and B-E leak¬ 
age resistances were much worse in 
older devices, and designers had to 
compensate for these parallel resis¬ 
tances in the circuits. As a result, a cir¬ 
cuit that is properly biased using older 
devices is not properly biased for the 
modern replacement. In the late 1960s 
I worked in a car radio shop after en¬ 
gineering school every day. I once 






fig. 2. Oscilloscope used as diode curve tracer: (At good diode (11^914); (B) open diode; 
(C) shorted diode: (D) leaky diode. 
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NEW 


Super ComShuck 64 

Repeater Controller/Dual Remote/Rutopatch 

]system conlroUnterface 11 Cartridge Option I 


Repeater TX/Rx 


CODE PRACTICE 
GENERATOR WITH 
VOICE READBACK 
INCLUDED!TURN 
IT ON WITH YOUR 
ACCESS CODE! 



♦Remotely programeble with Touchtones/ change up 
to 9 sets of access codes & parameters from H.T! 
♦Synthesized speech consisting of high quality 
male or female digitized human voice 
♦Dual Remote base (H.F. and v.H.F.) 

♦Autopatch and Repeater Controller 
♦Programable CW or voice ID and courtesy beep 
♦Automatic voice clock &. activity timers 
♦Multiple commands can be executed at once 
(up to 16 digits per command string) 
♦Sub-audible tone compatible 
♦Alarm clock & auto-excute command string! 
♦Optional cartridge eliminates disk drive 


W<x^*lFlE4[lTTTlfFU>iMiid 


♦Generates random code practice @ any speed with 
voice readback after each 20 random code group* 
♦Set CW speed & pitch from your H.T 
♦5 touchtone defined voice ID tall messages 1 




♦300 Touchtone loadable Autodial numbers 
plus 10 Emergency Autodial (quick access) 

♦300 Reverse patch call signs uploaded from 
your H.T./general or directed page modes 
♦Incoming caller receives voice message & may 
select the station to be paged with 3 digit code 
♦ Phone number memory readback 
♦Toll restrict-leading 1 /O and 5 digit prefix 
♦Full or half duplex (repeater on/off) 

♦Storage of MCI/Sprint access codes 

♦Call waiting allows switching to second phone line 

♦Touchtones are regenerated onto the tel./speed dial 

♦Touchtone or dial pulse mode 

♦Ring detected while In all remote modes 

♦Last number redial memory 

♦Single digit resets autopatch to dial tone 


♦ H F. remote supports: Yagsu FT-757/767, 
KenwoodT$-440/940, icomlC-735 

♦2nd remote or link supports: Yaesu FT 727 ( VHF & 
UHF) ; Kenwood 7950/TS-2530/70 series with 
RAP 1 (Remote-a-Pad) 

♦ 10 H.F. Memory channels/enter or recall 
♦Automatic USB/LSB/FM mode select 
♦Scan up/down, fast/slow, or 10Ohz steps 
♦Control CS-8 relay/latch option with master reset 

& status announcement 

♦All control inputs are voice confirmed including 
frequency, mode, scan status, time, outputs on/off 

♦ autopatch audiable ring/page while in all modes 


*8 Relay control (C$-8)$ 79.95 

♦ 3 DPDT 2A relays, 5 open collector outputs 

♦ user defined 2 letter function name 

♦ on/off position user defined 

+ automatic PTT fan/blower control line enables 
when repeater or any PTT line is activated 
♦Optional CMOS auto-boot 72k EPROM Cartridge 
programmed with your parameters $99.95 
♦RAP 1 Keypad controller for VHF remote $ 149.9 5 

model CS64S~$349.95 (wired and tested) J 

includes computer interface, disk, cables & manual, 
duplex &. simplex versions are supplied 
(some features not applicable when in simplex mode) 
(add $4 00 shipping / Ca residents add 6%) 

PIASTERCARD/VISA/CHECK/n.O./COO 

-- . 

Engineering Consulting 

583 Candlewood St. 

Brea, Ca. 92621 
tel: 714-671 -2009 








Module installs inside the radio'in 15 Min Boost audio to 
I watt! Low standby drain/Corrects low audio/1 0OP's o f 
happy users (Works in other H.T s too) 

Used by Police,fire, Emergency, when it needs to be loud! 

fiftf fwow> thats ioud!M> AUD i 0 BLASTER* 

TtoJfr , What a difference i-—; _ __ i 

Now I can hear it i Model AB 1 $t9.95 


1S-232 



| . 


* AUDIO n 


Program your computer in basic to decode multidigit "strings", 
sound alarms, observe codes , Simple to install; +12VDC 

/audio, includes basic program for C64 /VIC20/C128, all _ 

computers* DECODE-A-PAD Mode! DAP $89.95 


PJ 


Radio under control 


ROV 


1. | 1JM J.—| 

lLL l ^= 5 Bg j COLUMN I Bat* 

Remote Keypad Rows &. Columns Controller Plus Two 4 digit H 
decoders (on/off)/Will control frequency of any keypad entry 
radio such as the Kenwood 7950/2530/IC04-AT. Easy to install 
in parallely with existing keypad/Use with ComShack 64 as a 
freq controller or with Pro Search rotor control box/A versatile 
board for all remote control applications. The latches may be 
used for on/off or momentary 

"REMOTE-A-PAD“ Model RAP-1 S 149.95 


50,000 combinations 



m 

• * 9 * To 


1123496 


J789ABC 



User programable to 50,000 codes/ 
All 16 digits/Send code once to turn 
on, again to turn off/ Momentary & 
Latching output/drives relay/LED 
latch indicator/optional 4 digit extra 
custom latch ID s $8.95 each/add as 
many latches as you want to your 
external board [Model T5D $59.95 

— — > Touch torm 
Ml DecoderK it 

/ V T M957 Teltone 

'-^ 5 tol 2v 15ma 

(SSI-201 compatable)/inc 3.58 
Mhz Crystal/ 22 pin socket, Data 
Sheet, Sample circuits, decoder 
specs, all 16 touchtones, BCD/HEX. 

Nofiltersreq Model TTIC $22.95 | 
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asked a tech rep from one of the ma¬ 
jor auto radio makers why his com¬ 
pany had switched resistor values 
when the new radio used the same de¬ 
vice number in the same circuit. He ex¬ 
plained that new production transistors 
(they were Ge, not Si) were much bet¬ 
ter in terms of leakage resistance. 

Be careful, 

NOTE: If you have any tips, tech¬ 
niques, or questions you'd like to see 
discussed in this column, please con¬ 
tact K4IPV at P.O. Box 1099, Falls 
Church, Virginia 22041. 

ham radio 


short circuit 

vhf/uhf world 

The following text should accompany 
fig. 3 of WIJR's December, 1986, 
column: The boom is 1-inch square 
tubing with 0.062-inch wall. One-inch 
diameter round tubing may be direct¬ 
ly substituted, as discussed in the text, 
though with decreased mechanical 
strength. The boom should be sup¬ 
ported as discussed. AH elements are 
made from 3/ 16rinch diameter alumi¬ 
num rod and pass through the boom 
with insulated shoulder washers and 
keepers as described. The ends of all 
elements should be bevelled approxi¬ 
mately 1/32 inch. The length of the 
driven element and/or the spacings 
and lengths of the T-match are not 
critical and may have to be modified 
slightly to obtain a low (1.2:1 maxi¬ 
mum) VSWR. 

Figure 3 should include the follow¬ 
ing note in the second part of the 
figure: Note 3: The UG21 connector is 
attached to the boom with an L- 
shaped aluminum plate approximate¬ 
ly 1.5 by 1 /16-inch thick. Drill out two 
of the UG21 connector holes with a 
0.142-inch diameter drill. Prepare a 4:1 
(200-50 ohm) \/2 type balun made 
from an 11.0-inch piece of 0.141-inch 
diameter, 50-ohm semirigid coax with 
3/8 inch of the outer tubing stripped 
off each end and 1/4 inch of PIPE re¬ 
moved for connection to the T-match. 
Bend the coax in a "U" shape and 
pass the two ends through the two 
drilled-out holes in the UG21 connec¬ 
tor. Solder the coax on both sides 
where it passes through the con¬ 
nector. 







































mmic multiplier chains 
for the 902-MHz band 


Doublers with gain 
and simple filters 
produce reliable results 

It's possible to design a simple frequency multiplier 
chain for UHF and microwave transceiving convert* 
ers using stable and easily reproduced silicon MMIC 
(Microwave Monolithic Integrated Circuit) amplifier 
blocks. In this article, I'll first discuss the use of MMIC 
amplifiers as multipliers, then describe a specific ap¬ 
plication — a local oscillator for the 902-MHz band. 

MMIC multipliers have gain 

The key to the design of this multiplier chain was 
the realization that silicon MMIC amplifiers not only 
make good active multiplier stages, but can also pro¬ 
vide gain — i.e., the harmonic output power level can 
be greater than the fundamental input power. MMIC 
amplifiers offer several advantages over more conven¬ 
tional active multipliers. First, MMIC amplifier "build¬ 
ing blocks" are internally matched and unconditionally 
stable, so there's no need to worry about pulling them 
into spurious oscillation modes, as can happen when 
a discrete transistor multiplier is tuned with external 
networks, MMIC amplifiers are small and inexpensive, 
too, and consequently attractive for multiple use. Un¬ 
fortunately, they require a fair amount of dc power 
to operate. 

initial tests 

The Avantek MSA 03 MMIC was tested for use as 
a multiplier. It was biased normally and an input sig¬ 
nal at 0 dBm was applied. The second harmonic, 
viewed on a spectrum analyzer, was typically 10 to 15 
dB below the fundamental output Since the gain of 
the MSA 03 is about 12 to 14 dB, the second harmonic 
is about equal in power to the drive signal. This sug¬ 
gests that to build an active doubler with this MMIC, 
all that's required is a filter to reject the fundamental 
output and enhance the desired second harmonic. 


higher order multiplication 
has disadvantages 

Of course it's possible to multiply by a number oth¬ 
er than two. Triplers and even quadruplers aren't un¬ 
common in transistor multiplier circuits. However, 
there are a couple of factors that led me to use only 
doublers. First, the gain of a multiplier falls off as the 
multiplication factor is increased. As discussed before, 
to get unity or greater gain with an MMIC multiplier, 
a doubler is most effective. Second, the filtering is sim¬ 
plified when doubling, since the undesired products 
are 50 percent away from the desired passband. This 
ratio decreases for higher order multiplication, to 33 
percent in a x 3 multiplier and down to 25 percent for 
a quadrupler.* As the fractional bandwidth between 
desired and undesired products narrows, the filter 
complexity increases to maintain a given amount of 
rejection. In the interest of keeping the filtering sim¬ 
ple and easy to tune, I elected to go to the higher num¬ 
ber of stages needed for doublers and pay the price 
in increased power consumption. This approach 
worked, since the multiplier chain proved easy to tune 
and results were repeatable. No undesired spurious os¬ 
cillations were encountered at any time during the de¬ 
velopment of these MMIC multiplier stages. 

filters are needed 

Filters are the key elements in the multiplier chain. 
Each MMIC stage must be followed by a filter to re¬ 
move the fundamental white at the same time pass¬ 
ing the desired second harmonic. Much of the 
justification for using doublers was to permit the use 
of simple, easily tuned filters. 

At lower frequencies it's easy to build filters using 
lumped circuit techniques and designs provided in the 


I * For example, when doubling 100 MHz to 200, the nearest undesired prod¬ 
ucts are the fundamental (XI) at 100 MHz and the third harmonic at 300 MHz. 
Each is separated by 50 percent from the desired 200-MHz output. Similarly, 
when tripling 100 to 300, the undesired X2 and X4 products are 100 MHz 
away, or 33 percent of the 300-MHz center frequency. 

By Jerry Hinshaw, IM6JH, 142 Kensington 
Place, Frederick, Maryland 21701 
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literature. 23 As one approaches UHF, it becomes 
more difficult to control the stray capacitances and in¬ 
ductances, and individual components themselves res¬ 
onate in undesired ways. At this point, it's good to 
change over to another type of filter, one that's more 
appropriate to UHF work. It would be nice if such 
filters were also simple, easy to tune, and fit in well 
with the other circuitry. 

The two higher-frequency bandpass filters were 
designed using printed inductors (printed coupled 
microstrip transmission lines). This was done for sever¬ 
al reasons. First, at higher UHF frequencies, pure in¬ 
ductances in lumped element filters are smaller and 
more difficult to make, while the printed coupled lines 
are easier to construct. In addition, once the coupled 
lines are designed and printed on the circuit board, 
they have known, stable characteristics. 

These filters are the equivalent of the familiar comb¬ 
line bandpass filters often encountered in microwave 
work. The difference is that here the usual air-dielectric 
resonator rods have been replaced by a microstripline 
version. The two lines, shorted to ground at one end, 
and capacitively loaded at the far end, are coupled by 
the electric fields both in the dielectric substrate and 
in the air above the microstriplines. Here, the substrate 
is the usual Amateur microwave printed circuit board 
material, G-10. The coupling between the lines de¬ 
pends mainly upon their width, the spacing between 
them, and their lengths.* 

A number of references contain graphical aids to 
the design of coupled line pairs, and earlier articles 
describing the use of similar structures have appeared 
in the Amateur literature. 4 Several CAD programs in¬ 
cluding models for coupled lines on microstrip are 
available; I used such a program to optimize the de¬ 
sign of the two filters incorporated in this multiplier. 
The mechanical details of the filters are given in the 
PC layout (fig. 3). 

The characteristics of these filters include good low- 
frequency response, with no undesired passband be¬ 
low the center frequency. They also offer good high- 
frequency response up to approximately three times 
the center frequency. Near the third harmonic, the 
rods are again quasi-resonant, and there is a second, 
undesired passband. However, in a multiplier, this 
band is at approximately the sixth harmonic of the 
doubler's input signal, and it has generally not caused 
any problems because the sixth harmonic is quite low 
in power. 

These coupled microstripline filters are also easy to 
tune to their center frequency because their response 
is fairly broad. The microstriplines, once printed on the 
substrate, are, of course, unadjustable, so that only 
the two trimmer capacitors have to be tuned. Fixing 


*for a given substrate material and thickness. 


the inductors by printing them on the board has its 
advantages: fixed-tuned inductors need not be blind¬ 
ly tuned, and it's easier to avoid tuning to the wrong 
harmonic when the tuning range is restricted. 

The other main ingredient in this type of multiplier 
is the active stages. Here, they are MMIC amplifiers, 
silicon integrated circuits designed to provide very 
wideband gain. Packaged in small, transistor-like plas¬ 
tic housings, they contain almost all of the biasing and 
matching circuitry for a complete rf amplifier. Devices 
from Avantek have been described in a number of pub¬ 
lications recently. 5 6 7 In addition, a new, even lower- 
cost entry into the MMIC field has been announced 
by Mini-Circuits Labs. 8 Other manufacturers will 
undoubtedly announce silicon MMICs of their own 
soon. Most of these amplifiers are suited for multipli¬ 
er use if they're driven to near saturation. All are un¬ 
conditionally stable, which is a great aid to the design 
of a multiplier gain stage with a reactive filter terminat¬ 
ing the output. The multiplier described below uses 
Avantek amplifier MMICs, but other similar devices 
could probably work as well. 

a local oscillator circuit 

A multiplier based on MMIC gain blocks represented 
an easy and repeatable design approach to 902-MHz 
band operation. I wanted to build a converter that 
would translate this band down to the 144-MHz band 
so that I could use my 2-meter transceiver; doing this 
would call for a local oscillator operating at approxi¬ 
mately 758 MHz. A local oscillator (LO) 144 MHz above 
the operating frequency would also be possible, but 
that would invert the sidebands in an SSB system, and 
otherwise offer no particular advantages. 

The choice of exact LO frequency is worth a mo¬ 
ment of thought, as many UHF operators have dis¬ 
covered (the hard way) in the past. It's best not to 
choose an LO frequency that will produce undesired 
responses at the i-f. Here, we must avoid a local os¬ 
cillator frequency whose harmonics fall in-band either 
on the 2-meter i-f or within the 902-MHz band. A sec¬ 
ond possible problem can occur when there's a strong 
signal at the i-f from external sources — for example, 
if the i-f is 144.2 MHz when operating on the suggest¬ 
ed calling frequency of 903.1, there will be problems 
with i-f feedthrough of strong signals on 144.2. These 
signals leak around the converter and appear on top 
of the real signals downconverted from the 902-MHz 
band. It can be difficult to shield the i-f sufficiently to 
avoid this entirely, so it's prudent to pick a less con¬ 
gested frequency for the i-f. In my area, 144.5 is usual¬ 
ly quiet. So, for my example, the LO was designed 
at 903.1 - 144.5 = 758.6 MHz. 

Because I wanted to use only doublers in the mul¬ 
tiplier chain, the choice of multiplication factors was 
restricted to powers of 2, with 4, 8, or 16 the most 
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758.6 MHz, is further amplified after filtering to pro- 
duce a power level sufficient to drive a standard-level 
double-balanced mixer. 

The first bandpass filter, centered at 189 MHz, con¬ 
sists of two series-resonant sections and a single 
capacitive shunt element. The series sections use air- 
wound coils. I've long found inductors of this type 


C*l 


L3 THROUGH L6 
ARE PRODUCEO 
ON PC BOARD 


94 7 MHz V 
IN 



15 6 Vqc 
- 150mA 


. 758 MHz 
OUT 


fig. 2. Schematic diagram of the multiplier. 


reasonable choices. However, if the total multiplica¬ 
tion were only 4, the crystal operating frequency would 
have to be approximately 188 MHz. Such crystals are 
available, but they're neither common nor economi¬ 
cal. Three doublers in series gives a multiplication of 
8 and calls for an input of about 94 MHz, which is a 
readily available frequency in common series-resonant, 
fifth overtone crystals. Four doublers would yield a X16 
output, with a crystal at 47 MHz, but there appears 
to be no reason to go beyond an X8 stage. I ordered 
a crystal for 

75 f — = 94.825000 MHz 

O 

The block diagram of this LO chain is shown in fig. 
1. The crystal oscillator's (approximate) 94-MHz out¬ 
put is buffered and amplified by an MMIC stage, which 
drives a lumped element bandpass filter centered on 
189 MHz. (See schematic of MMIC multiplier chain 
in fig. 2.) This filter presents a good VSWR at its cen¬ 
ter frequency, but a very poor match at the oscilla¬ 
tor's fundamental operating frequency. The funda¬ 
mental output of the amplifier is reflected back into 
the MMIC, where it has a second chance to contrib¬ 
ute to second harmonic output. * 

Though the next two multiplier stages are similar 
in design, they differ mainly in that their bandpass 
filters use coupled microstriplines rather than lumped 
elements. At each stage, there's an MMIC amplifier 
driving a bandpass filter tuned to the second harmonic 
of the MMIC's input frequency. The final output, at 


‘I have no idea if such conversion is significant; however, it would be in¬ 
teresting to experiment. 


Parts list for the multiplier. 

ART-4 

Avantek MSA0304 MMIC 
Amplifier 

Cl,6,7,15, 
17,19,21 

0.01 {lF ceramic disc capacitors 

C2 

1.7 pF nominal 0.8-8pF 

C5 

1.7 pF trimmer capacitor 

C11 

3.9 pF nominal 0.8-8pF 

C12 

3.9 pF trimmer capacitor 

C3 

10 pF ceramic capacitor 

C4 

2-8 pF trimmer capacitor 

C8 

10 pF nominal 4-20 pF 

C9 

10 pF trimmer capacitor 

CIO, 13,14 

33 pF chip capacitor 

C16.18,20,22 

0.01 \iF (non-critical value) 

CR1 

Silicon rectifier diode 

1N4002 or equivalent 

L1.L2 

16-1/2 turns No. 24 AWG, 

0.3/tH. Bare wire wound in 
threads of nylon 6-32 screw. 

L78,9,10 

10 to 15 turns No. 30 A WG 
Kynar insulated wire-wrap; 
Wire dose-wound on No. 60 
drill. 

R1-4 

200 ohm , 1/4-watt carbon 
composition 


February 1987 S3 75 








hard to predict, mainly because of the difficulty in 
winding the coil to the design's dimensions. For this 
reason, I wound the coils on a form — a nylon screw. 
The No. 24 wire lies in the threads neatly and evenly, 
so that the predicted coil spacing is maintained. The 
nylon apparently doesn't cause an excessive increase 
in the filter insertion loss, even though nylon is gener¬ 
ally a poor rf material. (This simple coil form is availa¬ 
ble at better hardware stores.) Variable capacitors are 
used to provide tuning range for the filter. The two 
capacitors in the series arms of the filter are the main 
tuning, while the adjustment of the shunt element is 
not as critical. 

The second and third filteis, centered at 379 and 
758 MHz, were made with printed microstriplines. The 
key to their performance is in the accurate reproduc¬ 
tion in copper of the design dimensions. It isn't neces¬ 
sary, however, to maintain fantastic accuracy; a 
number of filters have been built with hand-cut lines 


and work well. Pay attention to the grounding (as al¬ 
ways in rf work, poor grounding will rise to cripple 
otherwise fine circuits). An eyelet at the base of the 
filter is good insurance, as is wrapping the edge of the 
top ground traces to the bottom ground with foil and 
soldering both sides. 

The loading capacitors at the ends should be phys¬ 
ically small, electrically short, and high Q. That's the 
ideal. In practice, adequate filtering is achievable with 
a wide range of capacitors. The best capacitors for 
the job seem to be the subminiature microwave tubu¬ 
lar trimmers, but the circular ceramic types work, too. 
The main problem with lower-cost ceramic capacitors 
is really only an irritation; their entire tuning range is 
compressed into one-half turn of the rotor, so that fine 
peaking of the filter requires a steady hand and 
patience. 

The only other main concern in the layout is a fa¬ 
miliar one in all high-frequency work — the substrate. 
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The microstriplines require a good ground plane on 
the far side of the board, a ground plane that should 
be as unbroken as possible, and well coupled to the 
ground traces on the top of the board. The thickness 
of the material is important, too, if the line impedances 
gre to be as designed. Ideally, the dielectric constant 
of the material should be well controlled, but in prac¬ 
tice most Amateur construction is done on G-10 
board, which is not intended for microwave work. 
However, G-10 works well enough for noncritical cir¬ 
cuitry. The dielectric constant of G-10 varies with fre¬ 
quency, but is about 4.2 at the high end of the UHF 
band. 9 

Each MMIC is mounted to the surface of the board 
with its plastic package recessed in a clearance hole. 
The amplifiers receive their dc bias via a small 
decoupling coil, well bypassed to ground at its far end. 
The MMIC operating voltage is obtained from the, 
13.6-volt supply and dropping resistor. The resistor is 
positioned on the bottom side of the circuit board to 
keep it out of the way. More details of device biasing 
are given in the references. 

construction 

The printed circuit board negative shown in fig. 3 
depicts only one side of the board. The other side of 
the circuit board is unetched copper, which serves as 
a ground plane for the microstriplines. Component 
placement is indicated in fig. 4. Where component 
leads pass through the board, small clearance holes 
should be made to prevent the leads from shorting to 
ground. Ground plane side artwork isn't needed, since 
no circuit traces exist on this side, and a few minutes' 
work with a drill bit will clear the lead holes. 

The board doesn't have to be all that precise; the 
filters are tolerant of inaccurate layout because of their 
low selectivity. In fact, I've had good results with 
handcut boards. I make a 1:1 photocopy of the art¬ 
work and glue it to the surface of a piece of G-10 
board. Then I use a sharp knife and cut through the 
paper to nick the copper cladding. I then peel the clad¬ 
ding away with the knife and a pair of pliers. The 
results aren't particularly attractive, but the process 
is quick and effective. 

The crystal oscillator circuit is similar to the one 
described in Hilliard's article, 10 which was designed to 
operate around a 2N4124 at 16 percent lower frequen¬ 
cy. It's also quite similar to designs described in detail 
in Frerking. 11 The oscillator uses a fifth overtone crys¬ 
tal, with resonant network in the feedback path to 
peak the circuit's gain at the desired overtone. Only 
one minor alteration was needed to get the circuit 
working: the base of the oscillator transistor requires 
a good rf ground, and when using only a disc capaci¬ 
tor as a bypass, I had problems with spurious modes 
and poor starting. I added a small (physically and elec- 




fig. 6. Photograph of the prototype multiples which was built 
on hand-cut board. 



fig. 7. Photograph of the prototype oscillator in its shielded 
housing. 

trically) chip capacitor to ground and the problems 
vanished. The final circuit is shown in fig. 5. 

The oscillator (fig. 7) was built on a piece of copper- 
clad board. I didn't make a circuit board for this cir¬ 
cuit because I felt the layout wasn't particularly criti¬ 
cal. Where insulated mounting points are needed, a 
teflon-insulated terminal can be installed on the board, 
or an isolated island of copper can be cut with a pad 
cutter. Many of the construction details are visible in 

fig -1 
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MADISON WINTER SIZZLERS 




’NEW LUNAR AMPS...............CALL FOR INFO’ 

’NEW ICOM IC-275A + accessories.... Call lor Price 


ICOM IC-28A List $429.00 

Yours for jus! $369.00 SAVE 


Kenwood TS-440.......Call for trade 

ICOM R-7000 25*2000 MHz.................$949.00 

KDK FM 240.......279.00 

B&W Viewsiar Antenna Tuner ..........89.95 

Shure 444D.........54.95 

Belden 9913 low loss coax...................................Si/ft 

Amphenol 831 SP-PL259 sifverplate..........1.25 ea 

AEA Packet PK 232.........299.00 

MFJ Packet 1270....115.00 

AEA 2 meter isopole,........44.95 

Diamond D-130 25-1300 MHz Discone........79.00 

Avantt AP 151.3G on glass..36.00 

Van Gorden SLA-1 160-80*40 sloper...34.00 

GE 6146B....................................11.95 ea 

USED EQUIPMENT 

All equipment, used, clean, wi(h 90-day warranty and 30-day trial. Six 
months lull trade against new equipment. Sale price relunded if not 
satislied. 

POLICIES 

Minimum order $10.00. Mastercard, VISA or COD. AH prices FOB 
Houston except as noted. Prices subject to change without notice. Items 
subject to prior sale. Call any lime to check the status of yourorder Texas 
residents add sales tax. All items lull factory warranty plus Madison 
warranty. 

MADISON 

Electronics Supply 
3621 Fannin 
Houston, Texas 77004 

(713) 520-7300 or (713) 520-0550 ... 

(800)231-3057 


RADIO 
HANDBOOK 
23rd Edition 

by Bill Orr W6SAI 

Here are some of the highlights of this exciting new 
edition: New easy-to-use charts for Chebyshev and 
elliptic filtpr configuration, new data on power MOS- 
FETS, how to use state-of-the-art OP-AMPS, and 
home computer RTTY to name just a few exam¬ 
ples. New projects include: GaAsFET preamps for 
902 and 1296 MHz, easy-to-build audio CW filter. 
Economy two 3-500Z, 160 meter amplifier, multi- 
band amp using two 3CX800A7's, and a deluxe 
amplifier with the 3CX1200A7 tube. New antenna 
projects include: efficient Marconi design for 160 
and 80 meters, computer generated dimensions for 
HF-Yagis, and a 2 meter slot beam. Also all the 
other information you count on Bill Orr fori You 
deserve the latest Radio Handbook. 

23rd edition €1986 

□ 22424 Hardbound $26.95 


Reg. 29.95 
SAVE $3 

Please enclose $3.50 to cover 
shipping and handling 

ra&IO. BOOKSTORE 
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This design, like most oscillators, tends to be sen¬ 
sitive to variations in its environment. Stray fields, tem¬ 
perature variations, load variations, power supply 
changes and even nearby movement can alter the 
operating frequency. The oscillator's output is multi¬ 
plied eight times before mixing, so even changes of 
a few hertz can be noticed at the output of a narrow- 
band converter (consider how a 50- to 100-Hz step can 
change the pitch of an SSB voice signal). For these 
reasons, I chose to put the oscillator in its own shielded 
box, use a voltage regulator, and leave room for a tem¬ 
perature controller. 

Shielding helps prevent changes in the local fields 
of the circuitry and helps lengthen the oscillator's ther¬ 
mal time constant. It's important to note the distinc¬ 
tion between temperature compensation, which 
reduces the total drift of the oscillator, and changing 
the thermal time constant, which reduces the rate of 
change of frequency, but not the ultimate magnitude 
of the change. In an Amateur system, it's usually 
unimportant if the circuit drifts a bit, as long as the 
drift rate is quite slow. After all, we don't tend to sit 
on one frequency for hours (or even for many 
minutes). So lengthening the thermal time constant 
is a good strategy for UHF oscillator circuitry, and is 
easier than temperature compensation or control. 

The closed aluminum box, stuffed with fiberglass 
insulation, helps greatly in slowing the drift rate. The 
two large resistors visible on the board in the photo¬ 
graph were included for use as heaters if a tempera¬ 
ture controller were needed. So far, I haven't seen any 
need, but if the local oscillator were mounted outside 
and exposed to wide temperature ranges, temperature 
control could be added. The space between the two 
power resistors is sufficient for an LM3911 integrated 
circuit temperature regulator. 

tuning 

Start the tuning process by getting the oscillator go¬ 
ing. If all is well, the oscillator will start up as the vari¬ 
able capacitor is adjusted. The adjustment range of 
the capacitor should be broad. Set the capacitor to 
the middle of the range, making sure that the oscilla¬ 
tor will restart when power is interrupted. The oscilla¬ 
tor should provide 5 to 10 milliwatts at the output of 
the attenuator. There is no trimming of the series res¬ 
onant crystal. 

Unfortunately, tuning the multiplier can be more 
complicated. The tuning range of the three filters is 
limited, so it should be difficult, but stiff possible, to 
tune to the wrong harmonic. Start by presetting the 
variable capacitors to the calculated capacitance. For 
example, the output filter calculations predict that 3.9 
pF wil be needed, so if a 2- to 8-pF trimmer is used, 
preset it visually to about half-meshed. The calculated 
values for all of these capacitances are shown on the 






















schematic diagram. 

Apply the oscillator output signal to the multiplier, 
and then apply dc power. See that the MMIC device 
voltages specified are present, which should verify that 
the amplifier stages are working. Peak the output for 
maximum power and measure the output frequency 
with a counter, 

I found that this tuning could be accomplished with 
just a diode detector to peak the tuning and a count¬ 
er to verify that the output of the multiplier was at the 
correct frequency. I then examined the ouput of the 
chain with a spectrum analyzer, which produced the 
plot shown in fig. 8. 
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fig* 8. Special output plot of the multiplier chain. The desired 
signal is at +9 dBm. The highest undesired products are at 
379 and 1137 MHz, approximately 30 dB down the 758 MHz 
signal. 

If this method of tuning doesn't work, it might be 
better to tune each stage separately. Tap into the cir¬ 
cuit at the output of each filter in turn, and peak it 
for best output power at its center frequency. This 
method will take longer, but it's less "blind" than tun¬ 
ing for the final 758-MHz output all at once. 

summary 

MMIC devices in circui s similar to the one just 
described can be configured as simple and well- 
behaved multiplier chains. Silicon MMIC amplifiers 
now provide good gain to 3 or 4 GHz, so that mul¬ 
tipliers using them should be practical to at least such 
frequencies. The concept outlined here — using dou¬ 
blers followed by simple filtering — provides adequate 
spectral purity and output power sufficient to drive a 
mixer directly. The components are inexpensive, and 
no machine shop work is needed. The only real draw¬ 
back to this cascaded system is its healthy appetite 
for dc power due to the MMIC's internal biasing cir¬ 
cuitry. The phase noise of the multiplier wasn't meas¬ 
ured, but it appears to be quite adequate for Amateur 
narrowband communications. 


parts 

I can provide some of the parts for this project, in¬ 
cluding printed circuit boards; send an SASE to me 
for a list of what I have available. 
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the 

weekender 


the weekender: 
a mobile theft deterrent 

Are you concerned that your car — and your prized 
mobile equipment — might be stolen? If you are, read 
on. . . because this circuit will let your car fight back 
if it's stolen. 

It's almost impossible to stop a really determined 
thief from trying to steal your car. Alarms may dis¬ 
courage amateurs, but seldom deter professional 
thieves, who know that most people passing by a 
sounding alarm will just keep on going. 

The circuit described in fig. 1 allows a car to be driv¬ 
en for about 60 seconds. During that period, the car 
may be driven to a busy intersection or roadway, 
where it will stall, never to be started again by the thief. 
It would be possible to prevent the engine from start¬ 
ing in the first place; however, this could irritate the 
thief and invite vandalism. It's safer, and usually less 
costly, to allow the car to be driven briefly, creating 
a situation in which the thief will be placed in a vul¬ 
nerable position and possibly caught. At the very least, 
your car will be abruptly abandoned, minimizing the 
possibility of vandalism. You may have to pay for tow¬ 
ing — and possibly a charge for impoundment — but 
you'll have your car. 

do's and don'ts 

The effectiveness of any deterrent device depends 
partly upon how well its presence can be concealed. 
Obviously, any would-be thief who wants your car and 
knows about the device will try to disarm it. Don't tell 
even your best friend that you've installed a theft de¬ 
terrent; people talk. 

You may want to install a hood lock, which will not 
only discourage hot-wiring, but will also prevent dis¬ 
arming the deterrent. Some protection is provided by 
the circuit itself, should the wires be cut; cutting ei¬ 
ther of the wires marked CA-CB or BA-BB will remove 
power from the ignition coil. Unfortunately, if the ig¬ 
nition is hot-wired (by placing a jumper from 12 volts 
to the ignition coil), the jumper simply bypasses the 
deterrent, removing the theft protection. 

Hugh Wells, W6WTU, 1411 18th Street, 
Manhattan Beach, California 90266 


Obviously you've got to be able to disarm the de¬ 
terrent to drive your car. An automatic circuit built into 
the deterrent arms the circuit whenever the engine is 
started. It's up to you to remember to disarm the de¬ 
terrent before time-out. 

It's better to use a pushbutton rather than a toggle 
switch, installing it where it can be reached comfort¬ 
ably, conveniently, and inconspicuously, even with 
passengers in the car. It's best to locate it within arm's 
length, where one hand can reach it without stretch¬ 
ing or making any unusual movement. As far as a thief 
is concerned, it could even be positioned in the mid¬ 
dle of the dashboard — after all, who'd suspect that 
a "secret" switch would be placed where everyone 
could see it? 

oops! 

If you forget to press the disarming button after 
starting the engine, the circuit will time out, leaving 
you momentarily stranded and embarrassed. If this 
happens, just turn the ignition switch on and press the 
button to start the 20-second recovery process. 

Twenty seconds feels like an eternity when you're 
caught in traffic. (If you're uncomfortable, think how 
a thief would feel . . . .) But the delay is necessary; 
you want to prevent the thief — had he found the but¬ 
ton and pressed it — from associating the action of 
pushing the button with disarming the deterrent. 

What happens when the car goes back to the deal¬ 
er or into the shop for service? Somebody else, prob¬ 
ably a stranger, will be driving it. One solution is to 
place a clip lead or small alligator clip across the dis¬ 
arm button contacts. Another would be to place a clip 
lead across Q4. Either action would disable the deter¬ 
rent so that service people could drive the car with¬ 
out having to know about the device. (Remember to 
remove the jumper after service to restore protection.) 
For shorter periods, such as with valet parking and car 
washes, you can leave the engine running when you 
get out. If time-out occurs, you can simply remark that 
your car is temperamental and that you know how to 
handle it. 

circuit description 

A small SCR (Q1), used as a remote disarming latch¬ 
ing switch, is "fired" when the disarm button is 
pressed. Once fired, Q1 keeps the circuit from start¬ 
ing the time-out cycle. A 555 (or 556) is used as a tim¬ 
ing mechanism for removing power from the ignition 
system after time-out. A simple RC time constant pro¬ 
vides a time-out delay of approximately 1 minute. A 
specific time-delay value isn't important, but enough 
time must be allowed for the car to be driven to a vul¬ 
nerable location. Any additional time could allow the 
car to be driven too far from the starting point. 
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fig. 1. Mobile theft deterrent. 


Cl,4,5,6 

0.01 \iF 100-volt disc ceramic 

C2.3 

220mF 25-voIt (RS 272-1017 or RS 272-1029) electo/ytic 

CR 1,2,3 

1N4148, 1N914, or equivalent signal diode 

CR4 

1N4004 or equivalent power diode 

ai 

2N5061, 2N5062, ECG 5401, or ECG 5402 SCR 

02 

2N2222, 2N4401, ECG 123A, or RS 276 2058 NPN transistor 

03 

TIP 29. TIP 31, ECG 152. or RS 2762017 NPN power transistor 

04 

2N3055, ECG 181, or RS 276-2041 NPN power transistor 

R1,2 

10-k, 1/2-watt 

R3,7 

1-k, 1/2-watt 

R4 

22 k, 1/2-watt 

R5 

220 k. 1/2 watt 

R6,9 

100-ohm, 1/2-watt 

R8 

470-ohm, 1! 2-watt 

SI 

RS 275-1547 or RS 275 1571 mini SPST momentary pushbutton switch 

U1 

555 or RS 276-1723 1C timer 


The R5 and C2 combination determines the time¬ 
out period. Their values have been selected for about 
the maximum time obtainable when using a low- 
leakage electrolytic capacitor for C2. Tantalum capa¬ 
citors are generally not suitable in this application be¬ 
cause of their high leakage current. 

When power is first applied to the ignition system, 
pins 2 through 6 of U1 will start out with a logic high 
of about 11 volts and drift down as capacitor C2 
charges through resistor R5. Pin 3 of U1 will remain 
at a logic low until pins 2 and 6 drop below a thresh¬ 
old voltage value of approximately 4 volts. Then pin 
3 will go high, causing the collector of transistor Q2 
to go low, turning off the base drive to transistors Q3 
and Q4. They, in turn, remove power from the igini- 
tion system. In the deterrent, U1 operates as an elec¬ 
tronic teeter-totter with a resistor and capacitor 
combination on pins 2 and 6 for timing. The other end 
of the teeter-totter is pin 3, which provides output 
drive. When pins 2 and 6 are high (Q1 fired), pin 3 is 
low, driving the base of Q2 low. Transistor Q2 oper¬ 
ates as an inverter, driving high the bases of transis¬ 
tors Q3 and Q4, Transistors Q3 and Q4 are connected 
as a Darlington for high gain (Hfe above 2000). The 


high gain is required to hold Q4 in saturation when the 
base drive is at a logic high. Transistor Q4 functions 
as a pass transistor/switch for controlling ignition cur¬ 
rent values up to 7 amps. A 7-amp current capability 
is sufficient for most ignition systems. 

Diodes are used in the circuit to perform various 
functions. CR1 protects the gate of SCR Q1 from 
negative voltage spikes. CR2 isolates C2, preventing 
it from becoming charged through resistors R3 and 
R4. CR2 and CR3 isolate capacitor C2 from circuit 
power, allowing C2 to retain its charge status regard¬ 
less of the presence or absence of circuit power. CR4 
protects transistors Q3 and Q4 from reverse voltage 
spikes generated by ignition coil flyback upon power 
removal. With CR4 in place, the reverse voltage across 
the transistors will not exceed 1 volt. 

construction 

The circuit is divided into two assemblies for mount¬ 
ing convenience. All of the electronic circuitry may be 
placed in a metal box separate from Q4, which is 
mounted on a heatsink near the ignition coil. Placing 
the circuit in a grounded metal box ensures rf protec¬ 
tion from high voltage ignition pulses and mobile trans¬ 
mitters. Disc ceramic capacitors are used at the input 
and output of the circuit to prevent rf from disturbing 
the SCR and 555 logic states. A screw terminal block 
may be mounted on the side of the box for wiring con¬ 
nections. 

Transistor Q4 requires a heatsink to improve its relia¬ 
bility, even though it operates in saturation. At 7 amps 
of current flow, about 5 watts of power will be dissi¬ 
pated by Q4. That amount of heat requires a heatsink 
with a surface area of about 5 square inches and a 
thickness of 1/8 to 1/4 inch. A heatsink with fins, 
mounted in line with the engine air flow, will provide 
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additional cooling. If desired, the amount of heatsink 
surface may be reduced for currents around 3 amps. 
However, a generous amount of heatsink material is 
cheap insurance for long transistor life. 

Transistor Q4 must be insulated with a mica wash¬ 
er from the heatsink if the heatsink is to be grounded. 
All metal burrs must be removed from heatsink holes. 
Small burrs around the holes will puncture the mica 
washer (insulator) and ground the transistor. Apply 
thermal grease to both sides of the mica washer to 
provide heat transfer from the transistor to the heat¬ 
sink. A small amount of nonconductive silicon grease 
makes a suitable thermal conductor. 

deterrent placement 

Two types of ignition systems are in common use 
today. Both can be controlled by the theft deterrent 
as long as the car battery has its negative terminal 
grounded (the deterrent would have to be redesigned 
for a positive ground system). The oldest and most 
common is the standard ignition system, which con¬ 
sists of an ignition coil and a set of breaker points. The 
second type is an electronic system consisting of an 
electronic converter, ignition coil, and a breakerless 
timing trigger. 

It doesn't matter whether the Q4 heatsink assem¬ 
bly is mounted on the engine, firewall, or fender well, 
but the assembly should be mounted near the igni¬ 
tion coil power wire. 

Avoid long extension wires to keep series resistance 
to a minimum. Finding the correct wire to intercept 
or cut is usually fairly easy when only one power wire 
is routed to the ignition system. Some electronic sys¬ 
tems have two large wires routed to the system; one 
of them provides power from the ignition switch, and 
is the wire that must be intercepted to insert the Q4 
assembly. The second wire is used to provide power 
from the starter solenoid during starting. It will be left 
alone. 

Standard ignition systems use a resistor or resis¬ 
tance wire in series with the ignition switch and igni¬ 
tion coil to reduce power dissipation in the coil. The 
Q4 assembly is connected in series with that resistor 
wire at either the coil terminal or at the resistor termi¬ 
nal. If the resistor can't be located, assume that the 
connecting wire is also the resistor. Note: do not cut 
the resistance wire . 

Mount the electronic circuit box in any convenient 
location where the box will be grounded. Connect a 
wire from the ignition switch (+ 12 volts) to the ter¬ 
minal marked BA (Q3 collector). Connect a wire from 
terminal BA to terminal BB (Q4 collector). Route a wire 
to the pushbutton from terminal A (resistor R1), and 
another wire from terminal CA (emitter of Q3) to ter¬ 
minal CB (base of Q4). Connect terminal D (emitter 
ol Q4) to the ignition coil. 
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for diesels 

The theft deterrent may also be used on diesel au¬ 
tomobile engines. A warm engine usually starts im¬ 
mediately, providing the thief an opportunity to drive 
to a street intersection. But cold starts present a chal¬ 
lenge, because the "cold" glow plug timing is nearly 
equal to the deterrent time-out time. A thief might not 
get the engine started before time-out. In either case, 
the car won't be driven very far before the engine 
quits. 

To install the deterrent on a diesel engine, locate 
the electric fuel shut-off valve near the fuel injector 
pump. There's usually one control wire attached that 
provides power to operate the valve when the igni¬ 
tion switch is turned on. Connect the Q4 deterrent cir¬ 
cuit in series with the control wire. Terminal BA 
connects to the ignition switch end of the control wire, 
and terminal D connects to the fuel shut-off valve. 
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more DX 
propagation tips 

Last month we discussed weak sig¬ 
nal reception in terms of the chart that 
accompanies this column each month. 
Numbers shown in the chart represent 
the highest frequency bands that 
should be used at specified hours. As 
a general rule, operate on the highest 
band available in order to optimize sig¬ 
nal strength by minimizing the number 
of hops through the absorbing D re¬ 
gion of the ionosphere. 

To fully utilize this optimum propa¬ 
gation mode, the takeoff angle (TOA) 
of your antenna must be approximate¬ 
ly 10 degrees. If the elevation pattern 
of the antenna doesn't include signifi¬ 
cant energy at this low angle*, oper¬ 
ate on the next lower frequency band 
but be prepared to pay the price in sig¬ 
nal loss, due to the greater number of 
hops (more hops mean greater loss at 
the points of reflection/refraction and 
passage through the D layer). For the 
shorter paths — for example, Europe 
to Japan — dropping down to the next 
lower band raises the TOA required by 
12 degrees, but unfortunately means 
one more hop will be required with an 
additional loss in signal level of 10 dB. 
Dropping down two bands nets a TOA 
23 degrees higher, one to two more 
hops, and 24 dB of additional signal 
loss. Using a lower frequency band 
on the longer paths accounts for a 
4-degree elevation in TOA and a loss 


*Most don't, unless a rather large ground system is 
used with verticals or the horizontal array is over a 
wavelength above the earth 

- Ed. 


of 6 dB for each hop. These longer 
paths represent five to six maximum- 
length hops. With this number of long 
hops and accumulated per-hop ab¬ 
sorption, one more hop doesn't make 
as much difference in the TOA or 
attenuation, compared to shorter 
ones. 

Knowing your antenna's pattern and 
using this information, questions of 
tradeoffs arise. Should I lower fre¬ 
quency to take advantage of my an¬ 
tenna's TOA and lose signal level from 
more hops, or should I use the anten¬ 
na on the highest band and be a few 
dB down from the antenna pattern 
maximum? If your tradeoff calculations 
come out about even, consider signal 
quality parameters (such as stability) 
rather than available signal strength. 
Stable signals in frequency, phase, 
and amplitude over a short time — i.e., 
seconds or minutes — are needed to 
"read" the transmitted information. 

The length of time needed to deci¬ 
pher the information is a function of 
the modulation being "read," but in 
most cases greater stability represents 
an improvement. This occurs when 
you operate just below the MUF. As 
a general rule, for stability, choose a 
frequency that is just 15 percent below 
the MUF. If you drop too low in fre¬ 
quency, a form of multipath distortion 
occurs that sounds like interference. 
The frequency just below the MUF is 
the most stable and therefore ex¬ 
periences minimum fading — QSB. Of 
course, when the geomagnetic field 
becomes variable, as during a distur¬ 
bance from a solar wind particle influx, 
even frequencies near the MUF be¬ 


come more unstable in frequency, 
phase, and amplitude. After a few 
years experience or training, DXers 
can "read" signals having some of 
these poor characteristics. If you con¬ 
sider these propagation rules and prac¬ 
tice learning to "read" the difficult 
signals, you'll enjoy the experience of 
rare DX QSOs more often. 

last-minute forecast 

The higher frequency bands (10-30 
meters) are expected to peak the sec¬ 
ond week of this month. Long-skip 
openings during periods of higher so¬ 
lar activity and flux should raise the 
MUFs about 15 to 20 percent over me¬ 
dian mid-latitude noontime values. 
Look for evening transequatorial long- 
hop openings, especially if the ge¬ 
omagnetic field becomes disturbed as 
the solar flux drops off toward the end 
of the week. The lower frequency 
bands should remain in their winter 
"finery" during the first and last weeks 
of the month. Expect geomagnetic 
(field) disturbances during the middle 
of the last week. 

No significant meteor showers are 
scheduled to appear in February. A full 
moon will occur on the 13th, with its 
perigee on the 25th. 

band-to-band summary 

Ten and twelve meters, the highest 
day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 7- to 
10-hour period centered around local 
noon. These bands open on paths to¬ 
ward the east and close toward the 
west. The paths may be as long as 
2400 miles in single-hop length, and 
occasionally twice as long during eve¬ 
ning transequatorial openings. 

Fifteen and twenty meters , almost 
always open to the southern part of 
the world, will be the main daytime DX 
bands. Twenty should stay open on 
long southern paths into the night, 
while 15 will drop out in the afternoon. 
Total path lengths of from 5000 to 7000 
miles are expected on these bands and 
one-long-hop transequatorial propaga¬ 
tion is also possible, favoring evening 
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hours during periods of high solar flux 
and disturbed geomagnetic field con¬ 
ditions. 

Thirty and forty meters are both day 
and night bands. Intermediate dis¬ 
tances (up to 1000 miles) in any direc¬ 
tion represent daytime DX. Nightime 
DX on these bands is expected to ex¬ 
ceed those distances encountered on 
80 meters and, as on 80, will follow the 
darkness path across the sky. Reduced 
midday signal strengths and distances 
may occur on days of high solar flux 
values or periods of anomalous ab¬ 
sorption. 

Eighty and one-sixty meters will 
exhibit short-skip propagation during 
the daylight hours and lengthen for DX 
at dusk. These bands follow darkness, 
opening to the east just before local 
sunset, swinging more to the south to¬ 
ward midnight, and ending up in the 
Pacific areas during the hours before 
dawn. Except for daytime short-skip 
signal strengths, high solar flux values 
hardly affect these bands. On some 
days, however, the condition known 
as anomalous absorption will diminish 
day and night signal strengths. The 
160-meter band opens later and ends 
earlier. 

ham radio 
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ICOM IC-38A 220-MHz 
mobile 

ICOM has announced the IC-38A, a 25-watt, 
220-MHz compact mobile that expands ICOM’s 
existing line of IC-28A/H 2-meter and 1C-48A 
440-MHz mobiles. 

The compact unit measures 5.5 x 2.0 x 6.1 
inches, transmits from 220 to 225 MHz, and 
receives from 215 to 230 MHz. It features 21 
memory channels, an internal speaker, and a 
large LCD readout with automatic dimmer cir¬ 
cuit to reduce brightness. Scanning is included; 
you can scan the entire band or just the memo¬ 
ry channels from the HM-12 mic. With only 11 
front panel controls, the IC38A is easy to 
operate. 

Options include the 1C-HM14 DTMF mic; 
PS-45 13.8-volt, 8-amp power supply, SP-10 ex¬ 
ternal speaker, HM-16 speaker mic and 
HS-15/HS-15SB flexible boom mic, and PTT 
switchbox. 



The suggested retail price for the IC-38A is 
$459.00. 

For details, contact ICOM America, Inc., 
2380-116 Avenue N.E., Bellevue, Washington 
98009-9029. 

Circle 1311 on Reader Service Card. 


magnetic tool racks 

Texas Magnetics Corporation - no stranger 
to Amateur Radio — is celebrating their 10th an¬ 
niversary. TMC is the largest U.S. supplier of 
magnetic base assemblies used in the manufac¬ 
ture of mobile antennas. Other "MagnaGrab" 
products available from TMC include magnetic 
tool racks, cable and wire routers, fishing tool 


retrievers, plus permanent magnets and assem¬ 
blies of all types. 

Made of heavy-duty chrome-plated steel, 
"Magna-Grab" magnetic tool racks come in two 
sizes; 13 inches (the TMC-100, $12.95 plus $3.50 
S&HI and 25 inches (the TMC-200, $18.95 plus 
$3.50 S&H). No assembly is required; mount¬ 
ing hardware is included. 



For information, contact Texas Magnetics 
Corporation, Special Products Division, Depart¬ 
ment 100R, 2714 National Circle, Garland, Texas 
75041. 

Circle 1316 on Reader Service Card. 


transfer function 
anaiysis/synthesis program 

BV Engineering has just released XFER, a 
transfer function analysis and synthesis program 
that uses short-circuit transfer impedance func¬ 
tions around an operational amplifier to compute 
circuit element values and circuit configurations 
which will synthesize a desired transfer function. 
Conversely, given a circuit configuration and ele¬ 
ment values, XFER will compute a circuit's trans¬ 
fer function. Multiple stages of short-circuit 
transfer impedance functions using forward and 
feedback elements in operational amplifier con¬ 
figurations enable the user to synthesize and ana¬ 
lyze most any transfer function having real roots. 

Once a circuit or transfer function has been 
specified, XFER quickly computes the magnitude 
and phase response, enabling performance of 
sensitivity and Monte Carlo analysis. Circuit con 
figurations con be viewed on the screen; com¬ 
plete circuit and transfer function editors are built 
into XFER. 

XFER is menu driven and interactive, with 
free format input, and "'understands" common 
engineering abbreviations. Data files generated 
by XFER are compatible with other BVE software 
such as SPP, PCPIOT, PDP and TEKCALC. 
Transfer function files generated by XGER can 
be used by the SPP program to perform tran¬ 
sient and time-domain analysis of user generat¬ 
ed waveforms. 

XFER is available under the PCDOS and 
MSDOS operating systems for $72.95 from BV 
Engineering, 2200 Business Way, Suite 207, 
Riverside, California 92501. 

Circle #312 on Reader Service Card. 


AVCOM portable 
spectrum analyzer 

AVCOM's PSA-35A portable spectrum analyz¬ 
er offers frequency coverages of 10 to 1750 MHz 
and 3.7 to 4.2 GHz for checking signal strength, 
inband attenuations, terrestrial interference, fil¬ 
ter alignment, faulty connectors, LNA's, feed- 
horn isolation, and cable loss at all commonly 
used satellite communication frequencies, in¬ 
cluding 12 GHz downconverters. 

The PSA-35A features a built-in DC block with 
+ 18 VDC for powering LNA’s and BDC's with 
the flip of a switch, calibrated signal amplitude 
display, and rechargeable internal battery with 
built in charger. Portable and easy to use in field 
test situations, the PSA-35A is also suited for 
applications in research and development or 
classroom use. The PSA-35A is priced at 
$1965.00. 

For information, contact AVCOM of Virginia 
Incorporated, 500 Southlake Boulevard, Rich¬ 
mond, Virginia 23236. 

Circle 1309 on Reeder Service Card. 


tools and test equipment 

A new catalog of tools and test equipment is 
offered free by Jensen Tools, Inc. Illustrated in 
full color, the 160-page catalog contains infor¬ 
mation on more than 1000 items. 

Two new sections feature supplies and equips 
ment in support of fiber optics and wire/cable 
systems. An expanded line of circuit board 
equipment includes breadboard kits, cutter and 
drill sets, anti-static carrying cases and racks, test 
cables, insertion/extraction tools, and many oth¬ 
er production tools. 

For a free catalog, contact Jensen Tools Inc., 
7815 South 46th Street. Phoenix, Arizona 85044. 

Circle #314 on Reeder Service Card. 


new signal generators 

John Fluke Manufacturing Company, Inc. has 
introduced its 6061A Programmable Synthesized 
Signal Generator, the latest addition to its 6060 
signal generator family. 

The 6061A's high performance is targeted at 
rf applications, with increased demands on spec¬ 
tral purity. Residual fm is guaranteed to be less 
than 6 Hz rms 10,3 to 3 kHz) in the frequency 
range of 245 to 512 MHz (typically 4 Hz rms), 
non-harmonic spurious are less than -60 dBc, 
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with *123 dBc typical SSB phase noise at 500 
MH 2 . The 6061A has a frequency range of 0.01 
to 1050 MHz with 10 Hz resolution. Amplitude 
range is from -127 to + 13 dBm with 0.1 d8 reso¬ 
lution and an absolute accuracy of ± 1 dB. In¬ 
ternal and external a m and fm can be used in 
cofnbination or separately. 

For more information or a demonstration of 
the Fluke 6061A, write, John Fluke Manufactur¬ 
ing Company, Inc., P.O. Box C9090, Everett, 
Washington 98206. 

Circle 1320 on Reader Service Cord. 


new 2-meter all-mode 
mobile transceiver 

Trio-Kenwood Communications has in¬ 
troduced the TR-751A, an all-new 2-meter, all¬ 
mode mobile transceiver. Features include au 
tomatic mode selection, many scanning func¬ 
tions. an illuminated LCD display, status lights, 
and an analog S and rf meter for easy viewing. 
The unit puts out 25 watts on high power and 
5 watts on adjustable low power. 

It covers 142 149 MHz, and can be modified 


to cover 141-151 MH2 (note that a MARS or CAP 
permit is required to operate on these frequen¬ 
cies). Ten memory channels plus COM channel 
store frequency, mode, and CTCSS tone offset. 
Two channels for "odd split" operation are fea¬ 
tured, as are all-mode squelch; a noise blanker; 
RIT; dual, digital VFOs; and semi break-in CW 
with sidetone. A 16-key DTMF hand microphone 
and mounting bracket are supplied. Options in¬ 
clude a VS 1 voice synthesizer and a front-panel 
selectable 38-tone CTCSS encoder. 



The suggested retail price for the TR-751A is 
$599.95. Trio-Kenwood Communications, 1111 
West Walnut Street, P.O. Box 7065, Compton, 
California 90224. 


ac power line monitor 

The Testware LDM 120 is a very low cost ac 
power line disturbance monitor designed to 
measure and store worst-case ac line voltage var¬ 
iations caused by surges and sags. An LED bar 
graph display covers from 60 to 160 VAC RMS. 
Priced at less than $100, the unit features a built- 
in audible alarm, an external alarm output, and 


selectable time constants. 

For details, contact Testware Electronic Test 
Instruments, 4425 Canoga Avenue, Woodland 
Hills, California 91364. 

Circle #319 on Reader Service Card. 


computer rotor 
control interface 

The KR 001 computer rotor control interface 
from Encomm, Inc., gives satellite enthusiasts 
automatic control of antenna azimuth and ele¬ 
vation. Used with the Kenpro KR-5400A, which 
provides the electro mechanical interface to the 
rotor motors, the KR-001 provides the hardware 
interface to the computer, converting analog sig¬ 
nals to digital for both the elevation and azimuth 
channels. It also provides the drive signal for driv¬ 
ing the motors in the desired direction. 

The unit plugs into the cartridge port of the 
C-64 and operates with tracking software writ¬ 
ten by N4HY for AMSAT available only from the 
AMSAT software exchange. Kenpro and En¬ 
comm provide the software needed to point the 
antenna from data entered into the program in 
real time; tracking software is not available from 
Encomm or Kenpro. Subroutines of the auto¬ 
matic tracking program which apply to the 
KR-001 /KR5400A combination are supplied with 
the KR-001 for those who wish to write their own 
tracking software. The suggested retail price is 
$149.95. 

For information, contact Encomm, Inc., 1506 
Capital, Plano, Texas 75074. 

Circle #315 on Reader Service Card, 
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EXPLORE HF PACKET 
TNC VHF/HF SWITCH KIT 

FEATURES 

All CMOS logic switch 
Changes liiier/iiming parts lor VHF or HF 
Seii contained — Fits inside the TNC case 
No recalibration oi tones 
Same precise tones as original 
Easy to build and install 
One hour average 
Prime quality parts ^ 102 

Now you can use your TAPR TNC-2 or TN(M {or any 
close clone — AFA. MFJ. Heath, Paccom, etc ) on both 
VHF al 1200 baud and HF at 300 baud The flick of a 
switch changes critical lilter and timing components to 
optimize the TNCs on board modem lor VHF or HF oper¬ 
ation The AW switch uses all CMOS logic, has a cur¬ 
rent drain of less than 5ma and fils conveniently inside 
the TNC case It is easy to build and install; lakes less 
than an hour in most cases. APA supplies prime parts 
and 1C and complete step by step instructions. You 
bought the best INC - now make it complete S30 air¬ 
mail postage paid Send check or money order (no credit 
cards please) 

AMATEUR PACKET ALASKA 
AX.25 COMMUNICATIONS TRAIL 
ESTER, ALASKA 99725 
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changing winds 

Though residential-scale wind power is far from 
being a widely popular energy source, home¬ 
generated wind power hasn't disappeared; its 
following has just gotten smaller. To serve that 
market, the Thermax Corporation of Burlington, 
Vermont, manufactures a scaled-down wind 
generator designed for such modest tasks as 
charging batteries to supply daily or emergency 
power to remote cabins, boats, or Amatuer ra¬ 
dio equipment. 

The Windstream Wind Generator, which 
stands 20 inches high and weighs only 20 
pounds, puts out 12 volts of direct current in an 
8-mph wind and has an automatic system that 
tilts the rotor out of harms's way in strong winds. 
Priced at $589, the generator won an award from 
the Department of Energy last year. 

For details, contact Thermax, 1 Mill Street, 
Burlington, Vermont 05401. 

Circle /321 on Reader Service Card. 


keypad frequency entry 

Stone Mountain Engineering has announced 
the 757 QSYer, a frequency keypad accessory 
for the Yaesu FT 757GX, which permits the tran¬ 
sceiver's operating frequency to be changed to 
any other frequenccy in the unit's range as of¬ 
ten and as rapidly as desired. 

The QSYer is a tiny computer terminal that 
interfaces directly with the 757's accessory jack. 
It contains its own 8-bit microprocessor, support 
circuitry, full-size telephone-type keypad, and a 



sub-miniature speaker which sounds a different 
tone for each key as it's pressed. The QSTer's 
all-metal enclosure measures 3.1 x 3.5 x 2 inches, 
and is color-matched to the 757's finish. The unit 
installs in seconds — with only two plugs — into 
the 757's rear panel jacks. 

The QSYer Is available for $89.50, plus $2.50 
shipping and handling. For further information, 
or to order, contact Stone Mountain Engineer¬ 
ing Co., Box 1573, Stone Mountain, Georgia 
30086. 

Circle 1310 on Roador Service Card. 


linear power amplifier 

The Commander II is a grounded-grid, class 
AB2 linear power amplifier that operates on the 
Amateur band. An Eimac 3CX800A7 external an¬ 
ode triode with forced air cooling and modern 
stripline circuitry insures efficient and conserva¬ 
tive operation. Reduced ratio vernier drives on 
all tuning controls allow smooth, easy tuneup. 

Front panel input tuning control allows a 
higher circuit Q for excellent linearity and a very 
low input SWR to exciter all across the 2-meter 
band. A built-in automatic delay circuit insures 
proper cathode conditioning before rf drive can 
be applied, greatly extending tube life. 

With a frequency range of 144-148 MHz 
(others available), it can be used on USB, LSB, 
CW, RTTY, fm, and packet. Priced at $988,00 
plus shipping, its power requirements are 
117/234VAC, with the latter recommended). Rf 
Drive power is 15 watts nominal, 25 watts with 
optional relay; rf output is 600 watts, with 15 
watts drive. 

For complete details, contact C.C.1-Electron¬ 
ics, 104 West Vine Street, Edgerton, Ohio 43517. 

Circle /3Q8 on Render Service Cnrd. 


repeater products 
demo cassette 

Advanced Computer Controls, Inc., is pleased 
to announce that it has a new audio cassette 
available which describes and demonstrates its 
repeater control products. Included in the 
demonstration are the RC-850 and RC 850 
Repeater Controllers, the Digital Voice Record¬ 
er, and the ITC-32 Intelligent Touch Tone Con¬ 
trol Board. 

The cassette is suitable for individual listen¬ 
ing or for club meeting presentation. It lets the 
listeners hear ACC's repeater control products 
in operation and how users can benefit from us¬ 
ing them on their repeaters. The demonstration 
cassette is available on request at no charge. 

ACC manufactures microcomputer based con¬ 
trol systems for Amateur Radio, commercial, and 
government radio users. For additional informa¬ 
tion, contact Advanced Computer Controls, Inc., 
2356 Walsh Avenue, Santa Clara, California 
95051. 

Circle /318 on Reader Service Card. 
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new Midian catalog 

Midian Electronics 4 new 1987 Tull color, 
32-page product catalog offers a bright new 
presentation of its standard tone signaling prod 
nets plus an in (reduction to many new products. 
Also featured are products from Midian's sister 
company. Advanced Signaling Technologies, 
manufacturers of micro processor-based paying, 
display, status, and radiotelephone terminals that 
are system-compatible with Midian’s portable 
and mobile signaling product line. In addition to 
the listing and description of the product line is 
a section illustrating the operations of Midian and 
AST's various departments. Copies are availa 
ble upon request from Midian Electronics tncor 
porateri, 2302 East 22nd Street, Tucson, Arizona 
85713. 

Circfo #317 on Roodor Service Card. 


antenna switch 

Alpha Delta has announced Its new four- 
position rf switch, the DELTA-4. 

Designed to give years of trouble free use, the 
DELTA 4 is rated at full Amateur power, 1500 
watts. If will ground four antennas not in use 
or, when an antenna is selected, it will ground 
the antennas not in use. Lightning surge protec¬ 
tion is provided by a field-replaceable ceramic 
gas tube ARC-PLG cartridge. 

The DELTA 4 is designed with both hf and 
UHF applications in mrnd. Insertion loss is rat 
ed at 0.1 dB at 30 MHz and0.5 dB at 450 MHz. 
It's priced at $69.95. For more information, con¬ 
tact Alpha Delta. P.O. Box 571, Centerville, Ohio 
45459 

Circle #307 on Reader Service Card. 


high-power duplexers 

Two new rJuplexers are available from NCG, 
The new CF 412 Broad Range Duplexcr has a 
very broad frequency range: 1.3 450 MH 2 on the 
low input and 900 1400 MHz on the high fre¬ 
quency side, giving the dual hand operator the 
same freedom os the VHF/UHF operator enjoys. 
Maximum power is 70 watts, with isolation more 
than 39 dB 






























The new CF-415 duplexer provides the dual¬ 
band operator an extra degree of safety with its 
high-power capabilities. Most VHF and UHF 
transceivers develop 45 watts of power; although 
the old type of duplexers are rated at 50 watts, 
it has been a common occurrence for them to 
fail, causing final burnout. The CF-415 safely 
handles 500 watts on hf, 400 watts on 145 MHz, 
and 250 watts on 450 MHz. The isolation on both 
bands is more than 50 dB. 

Both the CF-412and the CF-415 duplexers are 
available from the manufacturer and through in¬ 
dependent dealers. For information, contact 
NCG Company, 1275 N. Grove Street, Anaheim, 
California 92806. 

Circle #303 on Reader Service Cord. 


new publication for kit 
builders 



The Heath Company of Benton Harbor, Michi¬ 
gan, has announced the publication of the Kit 
Builder's Journal. Premiering in January, 1987, 
the bi-monthly Journal covers all aspects of 
building electronic and non electronic kits — 
both Heath's and others. 

Articles will cover kitbuilding tips, Heathkit 
news and reviews of products, tips from Heath's 
technical consultants, and other valuable do-it- 
yourself information. Subscribers will also be 
offered special discounts on selected Heath 
Company products. 

For a six-issue subscription, order 
KBJ-2000-NM and send $9.95 to Heath Com¬ 
pany, Box 1288, Benton Harbor, Michigan, 
49022. 

Circle 1306 on Reader Service Card. 


continuous coverage 
receiver 

ACE Communications, Inc. has introduced the 
model AR-2002, a professional grade scanning 
monitor receiver that covers 25-550 MHz and 
800-1300 MHz continuously. 

The AR-2002 utilizes latest microprocessor and 
circuit technology to offer features that include 
a 20-channel memory scan, priority scan, band 
search, multi-mode reception, conventional dial 
tuning, selectable frequency increments, and a 
bar graph signal strength indicator. 

The unit incorporates commercial-type receiv¬ 
er technology such as 750 MHz receiver i f, a 
high-level double-balanced mixer, a low-noise 
wide band rf amplifier, and a high-stability VCO 
unit. 

The user price for the AR-2002 is $499.00. For 
lurther details, contact ACE Communications, 
Inc., 22511 Aspan Street, Lake Forest (El Toro), 
California 92630-6321 

Circle 1304 on Reader Service Card. 


basic service kit 

Jensen Tools Inc. has developed a new Ba¬ 
sic Service Kit for the budget-minded electron¬ 
ic technician. Ideal for field service, in-house 
maintenance, trade school and personal use, this 
new addition to Jensen's Telvac economy line 
contains over 40 hand tools in a solid wood/vi¬ 
nyl case with removable pallets, document 
pouch, and key-lock latches. Priced at $189, the 
kit includes standard service tools such as screw 
drivers, pliers, nut and hex drivers, punches, 
wrenches and soldering equipment, as well as 
a 5-inch hemostat, reverse action tweezer, com¬ 
bination spring tool, wire crimper/stripper, and 
other specialty items. A choice of test meters 
is also offered as an optional accessory. 

For more information or a free catalog, contact 
Jensen Tools Inc., 7815 S. 46th Street, Phoe¬ 
nix, Arizona 85044. 
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Full Feature 

Remotely Programmable 

Repeater Controller 
for under $600 


is Field tested for over 2 years 
s Full 2 year warranty 


FREE 


Free Full Color Brochure 

( j f Call Toll-Free 

1'800'621'8387 

ext. 224, S .mi 5 pm Mountain Imu- 
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P.O, Box SC! | • Fun Collins, CO S0S3 
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Solid Brass 

MORSE KEY KIT 


• Precision engincnrcd and fnbnrmertbv R A Keni 
(Engineers) England 

• Ball mo? bean/iqs foi smnrrih Irouhlr* hen 
po» to* ntaitct: 

• Solid stiver contacts 

• Machined hardwood weighted base with non-shn 
feel 

- Easy assembly 

Exclusive U.S. Qislributor: 

Tolal Ueclronie Concepls fTECf 

Posl Office Box H 400 Lincoln MA 01773 
(6171 259 0125 

inhoduciory Price KIT MO 95 2S 

ASSEMBLED S59 95 

plus $5 00 postage anti handling Massachusetts resrdenls add 5°, 
la* 

Please send SASf lor iuriher information v* *77 


Yeah,Herb. I 
saw it advertised in 
Ham Radio Magazine 
this month. 
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flea —r 

market 



RATES Noncommercial ads IOC per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

MANIFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commerciai rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not alJ capitals) and must in¬ 
clude full name and address. We reserve the 
right lo reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability (or 
correctness of material limited to corrected ad 
in next available issue 

DEADLINE 151h of second preceding 
month 

SEND MATERIAL TO: Flea Market. Ham 
Radio, Greenville. N. H 03048. 


PACKET PROGRAM FOR YOUR PC A ie-ecomrnunicotior$ 
program especially written tu interface your packet controller 
with vow PC or compatible Features Split Screens. ASCII, 
Sir ary < Vloderr tilt* t r an$fcr$ DOS shel Macro Keys, 6 types 
time, dilte opnr. :c Loti of goodies So*tware support. Write 
♦or comp lele in format io n VISA.MC Ka It a nd Assoc iatd s. 2440 
l. Tjdo Rd, SuiH# #t38. Anchorage, A< 99507 1907; 248-9133. 

DIRECT AND LONG PATH HEADINGS (degrees) GREAT 
CIRCLE DISTANCES Ikilomeiers and statute miles) From your 
exact QTH :o over 400 worldwide* locations minding 90 within 
Continental USA. Nine page*. Send $4 50 tr> W4HET, Engineer 
•ng Systems. Inc., P0 Box 939 Vienna VA 221BC 

SHOW IT IN STYLE Full cclw OSL*.$ by Smith Printing Fioin 
yuvr pun tv skies Sarrule packet. CASE. 20420 CJhaven Drive. 
Saugus (..A 3135C (9051 2M /211 

COLLINS KWM-380. Fully updated f-xi.rlleri condition Full 
ue'V’Ce n-a iual. Wrue or call. W3IRE, 9436 Howes Road, 
Dunki'k. MO 20,'54. l3C1 - 2b/ 3041. 


WA9GFR RF SOFTWARE Sib.00 disk cnntmrs 
HFVHF'UHF/L BAND propagation and Smith Chart irr.ped 
a nee matching programs Speedy Commodore-64 or MS tX)3 
SASIC. Lyot- Gerig, 641 / Morgan RD, Mon'oevilki. IN 46773. 

DIGITAL AUTOMATIC DISPLAY fr.r FT-10IV T S 520's 
Collins. Drake, Swap, Heath and all others. Six 1/2" digit* 5‘ 
wide by 1-14" high metal cabinet. Send $2 00 lor inlo/muliuri 
and receive a $30.00 discount. Includes accuracy comparison 
of the simple "BCC" readouts, 'ound in new radios, aga nstour 
" Calculating Frequency Counter'' readouts. Please be spec dr::, 
GRAND SVSTLMS. POO 2l/\ Ulaine. Washington 96230. 

REMEMBER TROLLEY CARS? Trolley Treasures: HicWa- 
time Yeats in New Jersey" 11939 194/), a 4 volume porio 
documentary history incljdos 1800 unpublished, original 
photographs plus extensive historical notes. Volume i. "The 
Compromise Roof Cars cd Public Service Coordinated Trans 
pot (ready now. For details, or lu order, von tact 1'O'lev 
’‘hemes. A.W. Maokoft, 223/ 3 Woodt.ice lane Sacramento. 
CA 95825. *$12.95 plus $1.50 SfcH) 

FOR SALE Victor 9000 Computer. I28K with Knowlodgomer 
Data Base P rngr am Fxoellen t co ndi i io n P rine $ 1, <X)C 00 op best 
of'or. D.W. Wilhcbrur.. (317: 262 B40U 

SOLAR ELECTRIC panels and system component. 1st qua i- 
ry Arco panels with 10 year warranty. Lowest prices in country. 
Catalog $1.00 KAftOSS, Radiant Distributors, 3900 D .if sum, 
Adam Ml 491*01. (616! 874 B8S9 

FOR SALE: Heathkit SB 164 $200. SB 604 wps $/5. SB 944 
vfo $45 SB-634 console $45. HW 2036A 2m $ 100. Kcnwooc 
R 1000 $130, Const 2rn $30 All equipmen' in good condition 
NV0R 1205 North Main. O’Fahon. MO 633<j6, 

1296 MHz POWER AMPLIFIERS 6 ft 2C wait kits. Fur hfo 
SAst lo A tt A hugmeenna. 2521 W. La Palm a Aye. VK. 
Anaheim, CA 92901 (714) 952 7114 

UHF PARTS. GaAs Fets, MMICs. iMixnrii, chip caps. teHor 
pct>. and other builder parts SASt brings list. Mic-ow'ive 
Components. 11216 Cape Cod, Taylor Mf 4ft 180 

SPECIAL ANTENNAS by K3^W featuring the RIW-1S 432 
MHz (jean. 14 9dBd for $69.95 and the KUO 22 el. '4 ft. 432 
MH/beam, In ft dB<f for 576 64 S ASF for iiifoimatron. Thomas 
H Rutland 1793 Warrtm St. Now Cumberland, ?A 17070 

SSSSSSUPER SAVINGS on electronic pans, components sup 
ph»s and corrputoi Hmessories. Fi«r 40-page catalog tor 5ASE 
Get on our mailing list BCD ELECTRO. PO fto* 830119. 
Richardson. TX 75003 or call (214? 690 1102. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy. $ASE for information. CUD Electronics. PO Box 
*402. Dept HR, Hope. AH 71901. 

YAESU OWNERS: Hundreds of mud'Heal runs and improve 
meins lor you- tig Select the besi hem fourteen years of genuine 
lop-rated Fox-Tango Newsletters by using our now 32-page 
Cumulative fnoex Only $6 postpaid (cash «r check) with $4 
Rebate Certificate creditable toward Newsletter purchases 
includes famous Fox-'ango niter and Accessories Lists Mn 
Lowens. N4ML (Editorl Box 15944 W. Palm Beach. FL 33416 
Telephone (305) 683 9587 

RECONDITIONED TEST EQUIPMENT $1.25 lor catalog 
WalTtr, 2697 Nickel, San Pablo. CA 94806. 


MILITARY ELECTRONICS: CPRC 25 Mxnouck Radic, com- 
pac, rrars/tHs-#ecves 46 54 MHz FM [6 meiers: see March 
:985. Him Radiol, with battery uox. antenna, nand^gf, crystal 
$22 56 apiece, $42 50/par R 390A Heceivdi, 5-33 MH/, all 
modes: $196 checked. $110 reparable. R 108 Receiver. 20 28 
MHz FM; $2/.b0 mint R-748 Receiver, 130-150 MHz AM single 
channel S27 5C ARC-27 Guard Receiver, 220-248 MHz AM an¬ 
gle chr-nretr $1? SO mint 4S thty mplaccmum guarantee Arid 
$4 50 piece shipping IR 390A shipped UPS collect!. Baytroncs. 
Dept. HH, Box 591, Sandusky OH 44S7C 

APEX* Serpwdnving hits lor al screw recesses Put a "bit" 
yl q.Jdlily in your work >hop : Comolimnntary list. Donald S'X>ck 
«v. Octt. 5. 5641 uorgfo'd Read. Cay ton. Ohio 45424 

BACK ISSUES OF HAM RADIO Vlaga/in* horn March 196ft 

:o June 1974 Caniotete your f oJJocrior!. individual issues $4 00 
each KX9P 319 ) 377-3563 


SLEP MAIL ORDER SPECIALS. I nb calibrated signal gnrer 
aturs; hP8640D AM/FVl solid state 500 kHz thru 1024 MHz. See 
lahrsi HP catalog $5,500 00 HP60GA 50 nHr tnru 65 MH^ 
S375 0 C HPQ08C 10 MH/ thru 4ft0 MHz $345 00 Milrtaty 
TS-403 L microwave 1 8 GHz thru 4.2 GHz $266 00 UHM 25D. 
10 kHz :hru 50 MHz $245.00 TS 510A,U, 10 MH 2 tg 420 MHz, 
iry-htary version of HP608D $295.00 HPO^B M crowdve 3 8 
( 1 H 7 thru 7.6 GHz $375 CIO. HP620A, microwave 7 GHz thru II 
GHz $450 00 HP614A 900 MHz thru 2100 MHz $345 00 
HPBov'tlon 202H AM^TM 54 MHz thru 216 MHz $275.00 
Satisfaction gud'anioed. VISA M C ur check Add shipping. 
Write or phone Bill Step. (704! 524-7519. SLLP EttCIRONlCS. 
Highway 441, Otto. NC 28763 

fBM/APPLE COMPUTER program "rfamlog". 18 moduftfs (ogs 
rtnto-sorts/ hand WAS DXCC. Ful feature A sq CP 'M Apple 
$19,95. IBM $24 9’ 2015 Poabody MA 01:160 


COMING EVENTS 

Activities — “Places to go . . .” 

OHIO: February 15 The Mansfield VlifJ'Winter hlamfest.' Com¬ 
puter Snow, Richland County Pairgroiinds, Mansfield Don’s 
open to public 7 AM. Tickeis $3.00 advance, $4.(JUat tha doc*' 
Tab-es $5 00 advance; $6 lX> at the door Forums, Flea Market 
in ia r gu heated buildings : ur more inf or mat on, tickets. | a bins 
SASt to Dean Wrasse, KB8MG 1094 Beal Road, Mansfield 
Ohio 44905 Of phone (419) 589 7415 alter 4 PM EST 

OHIO: February 22. The Cty-aboga Falls ARC win sponsor its 
33rd annual Aitotion^est, Taltmadga High School. Fiaa Market 
opens 8 AM. Tables $6.00 advance. Auction begins 11 AM. Ad 
m<s^on $4.60 at the door $3.00 advance. Check in on 147.87/ 77 
repeater. Fur more information SASL 10 Cuyahoga Falls ARC. 
KO Box 614, Cuyahoga Falls. Ohio 44222, 


MICHIGAN: Febmary 27. The 17th annual Livon«a ABCs Swap 
‘r Soop. 8 AM to 4 PM at the Dearborn Civic Center. Dear our u 
ARRL'VtC FCC Agiateuf exams given t>y ihe Motor Criy Rad u 
Club. P'onty of tables refr«shtrie<tts auo free parxrng Talk ir¬ 
on 144.75/5 35 and 146 52 For ‘urther ic dor mat ion SASF to Nei. 
CoKin, WA8GWL, c' 0 Livonia ARC. PO Box 21 * 1, Livonra. Ml 
48151. 

INDIANA: March 8. The Morgar Countv Rapartrttr Association's 
Indiana Hamfsst, Indiana State Faifg'oundn Pav«||ion 3uildmg, 
/ndianapolis Admission $5. Op sj the door Open to iha public. 
8 AM 8 flea market table $8 DO.Talk tr on 145.25 For tabe 
raservalions or information 5ASF before F\?bru*ry 25 ir» Ailnen 
Scales. KC9YA. 3‘42 Market Place. Rloonungton. IN 47401 
(812) 339-4446 


LO COST Sensitive Selecttvu HF tecetver system. Ideal; 1st 
stator set. Enhanced Novice lC/l5/4C/80m coverage. Send 2 
stamps lor free in'u. I Mogctf. KD2Ef 729 Lcn Onve #101. Palm 
Spring*, El 33461. 


OHIO: April 24, 25, 26 OAVTON H AM VENTION 
ILLINOIS March 15 The Sterling-Rock Fails ARS 27th annual 
Hamfest. Sterling High school Fieldhouse. 1608 Fourth Avenue 
Doers open 7:30 AM. Dealers, large hoa market and space for 
self-conlaiced Rv's Cortcoaston stand will DC available Tickets 


$3.00 advance. >4 .00 a* the door. Commercial -abk?t>$5.0C and 
$3 01). I«iik in on 146.26 85 W9MEP. for irformaPon. tab'es 
at tickets Sue Peters, PO Box 521. Sterling •(. 61081 or cart 
625 U2G2 

MASSACHUSETTS: Match 1. Annual MTAfiA Flea Market. 
K pi C Lidci Council 6S Hall. Granby Road Chicopee. General 
admission $2.00. Spouse and kids f*«“. Tables $ 1C.GO a* door. 
$6 Of) advance. Tailgating $5 00. Vendor setup i-om / to 10 AIV. 
Publ r a dm tted 10 AM Fnnd and m'rush merits. Walk in 
Amateur license exams 10:3C AM. Talk n on 146.31-146 94 and 
52 sin>p ; ux. Write MTARA. Box 3494, SpnngVId, MA OH01 
or call Bob. WRIfcUS 4121 532-4891 days or VUckey, NICOH 
(413. 562 1027 evenings. 

FLORIDA - Match 21-22 The Playground Amateur Radio Club7. 
17th annual North Florida Hao-.'Swspfosl, Shrme Fa'tgtni.nds 
north ft Walton Beach. Doors open BAM both davs FCC exams 
Saturday only. ARRL, .md QCWA meeiings Banquet Satjr 
day 'light RV park ng. Talk it on 146.19■ 79 anc 52 hr more 
information write PARC, RO Box 873, Ft Wphr>n Reach, Ft 
32548 

NEW YORK: l-cbo-ory 15. Long Islen-J ARBl Indoor Hcitrifesi, 
sponsored by LiMARC, fleetricianrt Mall. 41 Pine Uwc P-oad, 
Melville. L? Doors open 9 AM Admission $4 0C.it the door: $3 25 
in advance with SASE Exhibitors admitted 7 30 AM Fot rruru 
infunnaticn cati Han * iblfi.r 4 84 &'A 7 ? evening^ 

FLORIOA: Man h 7 T h{; City of Palms (furt Myers! ornud Harr- 
test, Mcosehall on Burk meadow Drive 9 AM to 4 ? M Dealers, 
forums, swap tab es, snarik bar. luncheon and more. Tak in tn 
28'S3 F'cr Miformetion: Harry A-noKl, K9ALX. 5414 Brandy 
Circle SW, Fort Myers. FL 3390/ (8*4' 482 3’13. 

NEW HAMPSHIRE: Marco K The Inter si are Tepeater Socie¬ 
ty of Derry, NH will hold -ts annual Flea Marxet. L ons Cli t> Hal 
Lions Ave iufc, Huubui . Duois open 8 AM, Admission $1 00 at 
nedooi 'aales$80Ceach Fo*iablt*reservaiions!603)623 0628 
or 16031 883 9441. Wile 1 R S . PC Box 693. Deny, NH 0303S 

NEW YORK Match 1 The Mt Beacon Amateur Rado C ub s 
first annual Winter Hamfest, State Arniorv, Newburgh 8 AM 
to 3 PM Oc or so poo fer sellers 7 AM. Genera: admission $3 00. 
Table space $4.00. Reserved tables $5 00 Rriheshnr ents <ivail- 
cble Taik in pn 146 37/ 97 and 146.57 For resetvatiuns anti in 
loi'ratryi Slat' Disbrow, WA2 KCY. Mr. heacdn ARC HO Box 
841, Wapomcr s halls, N v I259C-. 19141 876-1659 

MINNESOTA: Fmliiuaty 2*. The Rubhinsdale APC’sGtti «>nnu 
al Midwinter Madness Hobby blectrunics Show. Now sac 
Medina Ballroom, Hwy 65, MerJino (western suhiirb <4 
Mineapolis). Acmisaion $3.00 advance; $4 tX> at the door. Fiea 
Market and Retail Exhibits open b AM. 8 flea market tables 
$8 00. FCC exams star:9 AM. Talk mon K0LT(; Club Repeater 
and 146.52 simplex. To register SASF with leojito Robliinsdai“ 
ARC. PO Box 22613, Robbinsdale, MN 55422 or call Boh ;612) 
533-7354 FCC Exam registration Send competed Form 610, 
photocopies of ourrttnl license with $4 00 payable to ARRL, V£C 
to Rod SJxj!/ NA 0U, 6308 PuaCDdale Avenue. Edna. MN 
55424 

OPERATING EVENTS 

“Things lo do . . 

February 1. 1987 Classm Radio Fxch;in<;-e, 2100 UTC Sundoy 
to 0400 J~C Monday Exchange name, RST. QTH, receive* and 
nansmitter wlh other harts interested in '^storing, riper$jling 
and just er»|ovmg older ecni’pment Seno lops, comments. Artec 
doles pictures, etc 10 Jin': Hanion W8h'Gf 556C Lin worth 
Road, Columbus, OH 43085 Please include SASE 

February ?. 198/ New Hampshire QSO Party sponsored by the 
NH Amateur Radio Association. 1900Z February 7 to 0700Z 
February 8. 1400Z rebruary 8 to 0200Z February 3. Send log and 
comments to Muuiv. Morah Rffpa»t«r Soucly, c/o 8ud Val- 
courl, N13VQ, 19 Teague Drive Salem NH (XJ0/9. 


Foreign Subscription Agents 
lor Ham Radio Magazine 


R<lJi<; Xusli.d 

xir-n Jukier 
i- ^^4 

p 7e*jO iwriAcrt 
Wt?M Ciiiursny 

Ham bei^i^n- 

!>:o»tit)huiis£ 
U<us&W*»esl»«n«i;g -4 tt 
£3 9?19 Gu-ii 

t 

U-jtlir Hnitariif 

<nl 

NL t&OO A? f nirne*i 
Hol|ard 

Ham Ratio fcu'ope 
Bv* ?QH4 

X 1 uplands Vastly 
SwkJhi-i 

Harr, timr« 

SM [Vd's<k: 

P0 u>5 Av« d«S Cla^trs 
V MSOOT 1 Ay.ere 
f '3*K<f 

Han Rmh) Ge'^ary 
Ka» n Ueb«r 
Fasriach i?4&4 
P f9ba toar'acri 
West i^rmany 


vi^ 

r >t.V* Ift 

flxrr* t ,jO u Mj:).u nr 

l'.a,,f‘'»^:ll» f IH OX 4e< L> >iA 

*’rros in C*riiKj 

i it fa ’ 8? J ih $T 4 /•» 

t ,'s S.a«t <r< 


Ham fi.io o nary 
Via Maniaqr. ' h 
I-3T1J4 Milane 
Ma y 


Han; Hin}n 
Kaur, Ufttw 
Poxlta^ft ?4S4 
0 ' , 8SO \ famflvli 

Al^ 1 rihf'ftAny 


Hii"< f^ac 0 trigm^d 

%fc. ft $ G i? 

Aana 

CrmtKu’fto Road 
Filters Bar 
Hrrls tN6 $ivy 
PrcpHii'i 


108 



February 1987 



MARCH 1987 / $2. 



magazii 

I 




























































This month's cover: 

Can I patent it? 

. Mo. you can't patent the multi- 
octave, omnidirectional antenna pic¬ 
tured on the cover, because it s al 
ready been patented by Harold A. 
Wheeler, a well-known inventor and 
holder of many patents in electronics 
and communications, some dating 
back to the late 1920's. U.S. Patent 
No. 4.633,265 was issued to Wheeler, 
with rights assigned to the Hazeltme 
Corporation of Commack, MY, on 
December 30, 1986 
Thanks to Harold Wheeler, the 
Hazeltine Corporation, and LeoZuck- 
er, K2LZ (see "Can I Patent ftfor 
making these illustrations available. 

Ed. 


FCC ANNOUNCES 
NEW NOVICE PRIVILEGES 
- SEE PAGE 6 
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manned vs. unmanned space flight 

Having recently celebrated the 25th anniversary of the launch of OSCAR l 7 the world's first non-government orbiting satellite, 
Amateur Radio has a proud history to look back upon, and an exciting future to anticipate. Our nearly two dozen experimental 
communications satellites and three manned Ham-In-Space missions have made it possible for thousands worldwide to partic¬ 
ipate, both personally and vicariously, in space exploration and research. They have also afforded us an unprecedented oppor¬ 
tunity to compare the relative value and merits of manned vs. unmanned space missions. 

Are the complexity, expense, and risk of manned space exploration justified, and if so, on what grounds? These questions 
are voiced by the lay public from time to time, either in the wake of a disaster or when appropriations are under consideration. 
The great strides in space exploration attributable to unmanned space probes raise some valid questions. Couldn't shuttle-type 
missions be accomplished by unmanned, computerized, robotically controlled machinery? Wouldn't this be cheaper, safer, 
and easier than providing life support systems? Isn't man, in the final analysis, just so much excess baggage? 

A more general question might be: Does the future of the space program lie in manned or unmanned missions? The un¬ 
manned craft now in space, and those planned for the foreseeable future, are singular enough in purpose to be controlled 
by telecommand. Their missions are of long duration and generally one-way; hence volunteer crew members are scarce. The 
rationale behind unmanned space probes is obvious; that behind manned exploration less so. 

The common justifications for a human presence in space fall into three categories: philosophical, political, and technical. 
"Earth is the cradle of mankind," wrote early rocketry theorist Konstantin Tsiokovsky U857-1935), "but man cannot live in 
the cradle forever." We go into space for the same reason we climb mountains, explore caves, and sail the Queen's ships 
toward the edge of the earth and certain doom; because it is there, and we are who we are. We still rise to a challenge, 
just as we did in Columbus' day, and the challenges are much the same: propulsion, guidance, and environment. Within the 
past generation we have met these challenges, to the extent that space travel is now not only possible, but almost routine. 
But is it advisable? 

The politician will consider the military aspects of a manned space presence, and conclude that further progress is inevita¬ 
ble; the only question is whether to lead or to follow. A generation ago President Kennedy said, "The exploration of space 
will go ahead whether we join it or not. It is one of the great adventures of our time and no nation that expects to be the 
leader of other nations can stay behind in the race for space." 

The United States and the Soviet Union may dominate, but no longer monopolize the quest for space. Japan and the Euro¬ 
pean Space Agency are making great strides not only in their well proven launch capabilities, but in space manufacturing. 
If the United States is to remain competitive we must continue to send manned laboratories into space. The financial and 
scientific rewards are just around the corner. 

The technological imperative for manned space missions becomes obvious when we consider the experiments which have 
been carried aloft in the cargo bay of the space shuttle, just in the past three years. We have witnessed breakthroughs in 
space manufacturing and materials processing, as well as astronomy, space plasma physics, life sciences, crystal growing, 
antenna testing, remote sensing, radar experiments, and of course. Amateur Radio! The launching, retrieving and on-orbit 
repair of unmanned spacecraft require mission specialists, as well as pilot astronauts to deliver hardware and personnel to 
the lofty job site. 

All that is present technology. In January of 1984 our President directed NASA to begin developing plans toward launching 
a permanent space station by the end of the decade. Current schedules suggest that fabrication can begin this year, leading 
to an operational space station between 1992 and 1994. Even allowing for further scheduling delays associated with returning 
the space shuttle to service, it is clear that the question is not one of if, but rather when. Already Europe, Canada, and Japan 
have indicated an intention to participate in a truly international, permanent manned space presence. 

There are still those who say manned space missions are too costly, in human life as well as dollars and cents. But by the 
National Transportation Safety Board's uniform measure of safety — fatalities per hundred thousand miles — space travel 
shines as the safest transportation mode yet devised! As for financial costs, how can one put a price on progress? The medical 
breakthroughs alone justify the expense of the whole program. Through electrophoresis, the separating of cells by electricity 
in microgravity, pharmaceuticals have been manufactured in earth orbit at 700 times the yield and five times the purity of 
similar processes on earth. Dramatic advances in the treatment of anemia, cancer, diabetes, emphysema, dwarfism, thrombo¬ 
sis, and viral infection are but a few of the tangible results. 

We who have been privileged to participate in the Amateur space program, through our OSCARs, RSs, ISKRAs, and now 
JAS-1 — as well as through the efforts and accomplishments of W5LFL, W0ORE, and DP0SL — are in a unique position 
to appreciate the roles which both manned and unmanned missions will play in a well balanced space program. To whatever 
extent we can influence national space policy, it behooves us to press for an aggressive space future which avails itself of 
the relative strengths of both men and machines. It is not only prudent to pursue both avenues of exploration, but essential 
to the advancement of civilization, and worthy of our financial and patriotic support. 

Tedd E. Hankins, AMSAT 19192 and H, Paul Shuch, N6TX, AMSAT LM167 
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NO VICES GET220, 1270 MHz - PL US 
SSBAND DIGITAL ON TO METERS 


Novices will soon be eligible for full privileges in all emission modes (though with a 25-watt power limit) on 
as yet unspecified subbands of 220 and 1270, as well as expanded privileges on 10 meters, which will bedivid- 
ed evenly between CW/digital (including packet, RTTY, ASCII, etc.) and SSB/CW. While complete details 
were not available at presstime — in early February — more information is expected shortly, with the release 
of the Commission's official report and order. Informed sources predict that the new privileges will take effect 
in late March or early April, perhaps even before you read this. 

In awarding privileges on220, the FCC reportedly took the Amateur community somewhat by surprise, since 
it had indicated earlier that 220 would not be a part of the enhanced Novice package because of unresolved 
conflicts over that band. A strong showing of support for granting 220 privileges to Novices, however, was credit¬ 
ed for convincing the FCC of the importance of reserving portions of that band for Novice Amateur use. Though 
not specified in the FCC's January 30 release, repeater operation is expected to be included among the enhanced 
privileges. 

According to the FCC release, Part 97 will not only be modified to include expanded Novice privileges, but 
will also provide for the separation of Element 3 of the Amateur Radio examination into Elements 3(A) and 3(B), 
providing different theory tests forTechnicians and Generals. All Technicians licensed before the effective date 
of the new regulations will be "grandfathered," however, and will not be required to pass the new General theory 
exam before upgrading. 

All existing Noviceswill likewise be "grandfathered" and will be allowed to operate on the new bands without 
passing the new, more demanding Novice exam, which will be expanded to include questions pertaining to 
operation on the newly-awarded bands. While current Novice examinations may be supervised by only one 
licensed Amateur, Novice exams occurring after the effective date of the new privileges will be supervised by 
two examiners. The FCC has specifically recommended that current Novice operators, who were authorized 
the new privileges without additional qualifications, become knowledgeable in the new requirements before 
using their new privileges. 

According to the FCC release, the expansion of Novice privileges will beimplemented in orderto attract more 
Novice operators to the Amateur service without diminishing their incentive to upgrade to higher license classes. 
FCC Private Radio Bureau Chief Mike Fitch was quoted as saying, "I am delighted with the Commission's ac¬ 
tions. I believe the new operating privileges on the 0.23, 1.25, and 10-meter bands will attract new people to 
Amateur Radio and keep their interest in the hobby by encouraging upgrades. We've provided these new growth 
tools to Amateur Radio. It's now up to the Amateur community to put the tools to work." 


ham radio 
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can I patent it? 


Some patent law basics 
for the industrious Amateur 

Although Amateurs often express interest in 
obtaining patent protection for some circuit, anten¬ 
na, or other device which they've conceived, they may 
not have sufficient understanding of the patent proc¬ 
ess to protect their inventions adequately. 

In this article, well discuss what makes an inven¬ 
tion patentable. We'll examine a typical patent appli¬ 
cation, timing limitations, and employee agreements 
covering inventions created on the job. 

what is a patent? 

Article I, Section 8 of the United States Constitu¬ 
tion authorizes Congress to "promote the Progress of 
Science ... by securing for limited Times to . . . In¬ 
ventors exclusive Right to their . . . Discoveries" — 
in short, to grant patents. While the constitutional 
directive would appear to offer virtually unlimited pro¬ 
tection, it's important to note that the owner of a pat¬ 
ent has the right only to exclude others from making, 
using, or selling the patented invention in the United 
States without license by the owner. The patent grant 
does not confer an absolute right to produce or mar¬ 
ket the invention free of infringement claims by 
another who holds a so-called "dominant" or broad¬ 
er patent (more on this later). 

The bulk of legislation dealing with patents comes 
under Title 35 of the United States Code (35 U.S.C.), 
as enacted in 1952 and amended to date. The federal 
agency authorized to examine applications and issue 
patents is the Patent and Trademark Office (PTO) of 


the United States Department of Commerce.* The 
PTO's Rules of Practice 1 deal with specific require¬ 
ments for patent applications, procedures to be fol¬ 
lowed while applications are pending, and payment 
of maintenance fees for issued patents. 

The PTO issues utility patents, patents for new vari¬ 
eties of asexually reproduceable plants, and patents 
for ornamental designs of articles of manufacture. Util¬ 
ity patents are of potentially greatest interest to 
Amateurs because they're granted to those who in¬ 
vent or discover "...any new and useful process, 
machine, manufacture or composition of matter, or 
any new and useful improvement thereof." 2 These 
patents are granted for 17 years from date of issue, 
but may lapse after 4, 8, or 12 years if maintenance 
fees are not paid in a timely manner. 

In electronics, utility patents were granted last year 
for items ranging in sophistication from, for example, 
an electric cord holder to nuclear magnetic resonance 
(NMR) methods and apparatus. While it isn't neces¬ 
sary to furnish a model or prototype of the invention 
with a patent application, the PTO does reserve the 
right to require one. So if you've conceived of a de¬ 
vice that consumes less energy than it produces — 
i.e., a "perpetual motion" machine — be sure to have 
a working model on hand. The patent examiner will 
certainly want to see it. 

To be worthy of a patent, the subject of a utility pat¬ 
ent application must be more than just new and use¬ 
ful. It must also have been "non-obvious" to one of 
ordinary skill in the pertinent art when the invention 


I ’Address: Commissioner of Patents and Trademarks. Washington. D.C. 
20231. 

Leo Zucker, K2LZ, 34 South Broadway, White 
Plains, New York 10601 
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fig. 1. Optimum antenna select system. 


was made. 3 The “non-obviousness'' criterion is deter¬ 
mined initially during PTO proceedings on an applica¬ 
tion, usually by an evaluation of two or more prior 
patents or publications which together show all the 
elements of the claimed invention. If, in the examiner's 
judgment, it would have been obvious to a skilled 
worker to combine the disclosures of the references 
so as to give rise to the invention, your claims will be 
rejected. 

A word of caution: if you're making or selling an 
article for which a patent is pending, you may use 
terms such as “patent pending" on the article or in 
advertising to dissuade others from risking an infringe¬ 
ment suit should a patent ultimately be issued. The 
false use of “patent pending" or similar phrases, how¬ 
ever, subjects the perpetrator to a maximum $500 fine 
for each offense. 

what to do before applying 

Let's say you're trying to develop a system that 
will automatically select from four different antennas 
the one antenna that will provide optimum signal 
strength while a signal is tuned on your receiver. 
You've searched the available literature and found 
nothing. You sit down and sketch out a system 
as shown in fig. 1. 

Even before trying out the system, sign and date 


your sketch and have a witness who understands it 
countersign the sketch. Properly signed and dated 
sketches — preferably on sequentially numbered 
pages of a hardbound notebook — can be used as 
valuable evidence of the date of your invention. 

You may then try to assemble all necessary parts 
for your system and determine operating parameters 
such as the following: the antenna sampling time and 
protocol; the necessary increase in receiver AGC lev¬ 
el a sampled antenna must provide over a previously 
switched-in antenna, for the sampled antenna to be 
switched on line; and the time period over which a 
switched-in antenna will be held on line prior to initiat¬ 
ing the next sampling routine. You may allow the oper¬ 
ating parameters to be set in a microprocessor CPU 
by an input device such as a keyboard and create a 
program for enabling the CPU to carry out all operat¬ 
ing functions. 

When your system performs exactly as you planned, 
make sure you properly record the successful test in 
your notebook, with all components correctly identi¬ 
fied. By doing this, you've established a so-called 
“reduction to practice" of your invention, evidence of 
which may also be valuable at a later time. 

It isn't necessary to have actually reduced your in¬ 
vention to practice before applying for a patent, how¬ 
ever. Once you've conceived your system (for 
example, as shown in fig. II, and determined what 
you believe to be all other details a skilled worker 
would need to make and use your system in the best 
way you know, you may consider filing a patent 
application. 

At this point it's wise to consider obtaining guidance 
from a patent attorney or agent. A roster of attorneys 
and agents registered to practice before the PTO is 
available from the Superintendent of Documents, 
Washington, D.C. 20402. You should, of course, feel 
satisfied that a particular individual has the technical 
background and experience to portray your invention 
adequately in a formal application if you decide to have 
him or her represent you before the PTO. 

the search 

Your attorney will probably advise that a search be 
conducted before formal papers are filed with the PTO. 
The cost of a search is often many times less than the 
total cost — including drawings and filing fee — of 
preparing formal application papers. It typically takes 
about two weeks to conduct a search and obtain the 
results. 

The search should be directed to cover all impor¬ 
tant aspects of your invention. Frequently, an inven¬ 
tion disclosure may encompass more than one 
patentable invention, and a professional search will un¬ 
cover references pertinent to every aspect of your in¬ 
vention that might qualify for a patent. Two or more 
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patents sometimes stem from a single "parent" 
application. 

Even if the results are discouraging, you'll get a good 
idea of how your invention stacks up against the state 
of the art. If you later conceive of certain additions 
or improvements to your invention which are not sug¬ 
gested or "obvious" over the references found in the 
search, you may then give serious thought to obtain¬ 
ing patent protection for the later version. 

A patent search can be beneficial in other ways. 
Remember that even if your invention is eventually 
patented, it could still infringe upon an enforceable 
patent of broader scope. Such dominant patents of¬ 
ten turn up in the search, and you will at least be fore¬ 
warned of their existence at an early stage. 

the application 

If all systems are "go," you'll want to have a for¬ 
mal application prepared and filed with diligence at the 
PTO. Although the process of examining an applica¬ 
tion and issuing a patent, if warranted, takes time, 
there's now a definite trend toward shortening the 
traditional wait between filing and final disposition. 
Furthermore, both the applicant and his or her attor¬ 
ney now must inform the PTO of all information they 
know "which is material to the examination of the 
application or else face strict sanctions. 4 Such infor¬ 
mation includes those patents found during prior 
searches, and thus can be of great help and save time 
for the examiner who conducts the search at the PTO. 

A complete patent application includes a written 
description of the invention sufficient to enable one 
skilled in the pertinent art to make and use it; one or 
more claims delineating the scope of the invention 
described; a drawing of one or more figures if neces¬ 
sary; an oath or declaration by the applicant stating, 
inter alia, that he or she believes himself or herself to 
be the original and first inventor of the claimed sub¬ 
ject matter; and the required filing fee. 

Using the automatic antenna select system pro¬ 
posed in fig. 1 as an example, your notebook entries 
will provide a good basis for the written description. 
If you've arrived at one or more variations of the origi¬ 
nal configuration you think would enhance the sys¬ 
tem construction or performance, these alternative 
"embodiments” must be specified as well. The 
description must be adequate to enable a skilled work¬ 
er to make and use the invention you're claiming. 

The claim(s) of invention must particularly point out 
and distinctly claim those aspects of the system you 
regard as your invention. Depending on what your 
search uncovered, you may feel you're entitled to rela¬ 
tively broad, intermediate, or only narrow protection. 
Each claim generally must read as a single sentence. 
In cases where the invention itself is believed quite nar¬ 
row, just one claim having very specific terminology 
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fig. 2. System operation flow chart. 


may occupy two or more pages of the application 
papers. 

A drawing showing at least the overall system as 
shown in fig. 1 would facilitate the drafting of the writ¬ 
ten description, which can make frequent reference 
to the illustrated system components while explain¬ 
ing their structure and operation. 

Once completed, your application should be filed 
promptly with the PTO along with the prescribed oath 
and filing fee. If all formal requirements are met, it will 
be accorded an official filing date and serial number, 
and then routed to a patent examiner for further 
action. 

Don't forget to disclose to the PTO all material refer¬ 
ences of which you're aware. You can do this by fil¬ 
ing a separate statement with your application papers 
or shortly thereafter. 

what about software? 

You may have taken considerable time and effort 
to create working system software and wonder if it 
alone can be protected by a patent. Insofar as soft¬ 
ware is only a list of instructions addressed to and per¬ 
formed by a computer to bring about a certain result, 
a patent is generally not available for software, per se. 
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You may, however, apply to register your software 
with the Copyright Office at the Library of Congress, 
Washington, D.C. 20559. For further information, call 
or write the Copyright Office and ask for Circular No. 
R61, "Copyright Registration for Computer 
Programs." 

Since your software enables your system (fig. 1) 
to operate as you intended, a flow chart such as 
shown in fig. 2, depicting the system operation when 
properly programmed, is a worthwhile, possibly even 
essential addition to your original application dis¬ 
closure. A full listing of your program need not be in¬ 
cluded with your written description, as long as a 
skilled programmer could arrive at a working program 
without undue difficulty by referring to your written 
description and drawings. 

some important time limits 

As mentioned, it's important to move swiftly once 
you decide you've conceived of a patentable inven¬ 
tion. Suspension of pre-filing development work for 
a long time without good cause can amount to an 
"abandonment" on your part. The result — if another 
person conceives the same invention and acts without 
delay to file an application, he or she may be the one 
entitled to any patent which may be issued. 

If your invention was patented or described in a 
printed publication anywhere in the world more than 
a year before your application filing date in the United 
States, you'll be barred from obtaining a patent here. 
You'll also be barred if the invention was in public use 
or on sale in the United States more than one year 
prior to your filing date. 5 For example, if an article 
describing all essential details of your automatic 
antenna selection system appears in a magazine pub¬ 
lished in Japan on January 1, 1987 — and you believe 
you're the original inventor — you have only until 
January 1, 1988, to apply for a patent in the United 
States. 

Another example: suppose your antenna selection 
system works so well you decide to manufacture a 
large quantity and offer it for sale through an adver¬ 
tisement in the January 1, 1987, issue of ham radio. 
Your deadline for filing a United States application (as¬ 
suming no prior disclosures) is January 1, 1988. 

Although you may disclose your invention publicly 
up to one year before filing an application in the Unit¬ 
ed States, it's sometimes necessary to file before pub¬ 
licly announcing or commercially exploiting your 
invention. One example is when you wish to file cor¬ 
responding applications in certain other countries 
where "absolute novelty" requirements exist for pat¬ 
ent applications. That is, the patent laws of some 
countries do not allow public disclosure of an inven¬ 
tion anywhere in the world prior to filing an applica¬ 
tion with their governments. Because other time bars 


may exist, in your case, consult your patent attorney 
or agent prior to filing. 

employment agreements 

Amateurs who work in technical capacities for 
others may be required, as a condition of employment, 
to execute a written agreement to assign all inventions 
they develop while on the job to their employer. With¬ 
out such a written agreement, the employer could not 
claim title to any patents obtained by the employee 
independently. The employer would derive only a 
"shop right" or royalty-free license to use the patent¬ 
ed invention. 

Because the employee agreements are generally up¬ 
held if contested in court, employees who are subject 
to them should review them carefully before applying 
for patents on their own. Sometimes an employer will 
release an invention after an employee discloses the 
invention and the employer decides not to pursue a 
patent. Upon obtaining such a release, the employee 
is then free to apply for a patent — at his or her own 
expense. 

conclusion 

The patent system is an integral part of our nation's 
commercial activity and growth. To foster and reward 
inventiveness, the framers of our Constitution em¬ 
powered the owner of a patent with the right to ex¬ 
clude others, for a limited time, from making, using, 
or selling the claimed invention in the United States. 
Before obtaining this right, however, the patent ap¬ 
plicant must describe the invention in a manner suffi¬ 
cient to enable others skilled in the relevant art to make 
and use ft. 

Individual inventors and small businesses play a 
prominent role in advancing the state of the art in 
many high technology fields. To encourage this initia¬ 
tive, the PTO reduces by 50 percent its patent filing, 
processing, and maintenance fees for applications filed 
only in the interests of individual inventors and small 
businesses (i.e., those with 500 or fewer employees). 

The next time you conceive a new circuit, system, 
antenna, or any other useful device or process — and 
feel you can exploit it on your own — consider con¬ 
ducting a professional search. You just might have the 
makings of a patentable invention. 

references 

1. Title 37, Code of Federal Regulations (37 C.F.R.). 

2. 35 U.S.C. Sec. 101. 

3. 35 U.S.C. Sec. 103. 

4. 37 C.F.R. Sec. 1.56. 

5. 35 U.S.C. Sec. 102. 


Leo Zucker, a patent attorney, welcomes inquiries from readers and sug¬ 
gestions for future articles. 
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modular transmit and 
receive converters 

for 902 MHz 


MMICs make inexpensive 

building blocks 
for new band circuits 

This article describes a set of up- and downconvert- 
ers for the 902-MHz band. When used together with 
the local oscillator chain described previously, 1 the re¬ 
sult is a set of building blocks which can form the core 



I of a complete 902-MHz transverter. The converters 
have a common board design for simplicity; MMIC am¬ 
plifiers are used throughout, and the filtering is 
designed for ease in tuning. 

The block diagrams of the up- and downconverter 
are shown in fig. 1, The similarity between the two 
is immediately apparent. The mixer and the two band¬ 
pass filters are identical in each converter, and only 
the direction of signal flow is changed by reversing 
the MMIC amplifiers. The two bandpass filters in each 
are used to provide selectivity, for the amplifier stages 
are inherently broadband. 

With these converters, a 902-MHz transverter is eas¬ 
ily assembled. A power amplifier hybrid, such as those 
discussed by Reisert 2 and Hilliard, 3 can be driven 
directly from the upconverter module. A low-noise am¬ 
plifier, such as the one described by Hilliard 4 can be 
used ahead of the downconverter for critical small- 
signal work; the converter board alone will provide 
sufficient sensitivity for local QSOs. 

design goals 

These converters were designed to achieve several 
goals which were not met in some of my earlier de¬ 
signs. First, the converter printed circuit board (PCB) 

Jerry Hinshaw, N6JH, 142 Kensington Place, 
Frederick, Maryland 21701 
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fig. 2. MMIC device typical outline. The various MMIC 
amplifiers all have the same pin configuration, though 
the package dimensions vary somewhat. 


(GROUND) 







fig. 3. Details of the 903 MHz filter. The dimensions 
shown are for 1/16 inch G-10 board with a ground plane 
on the far side. 


is common to both the up- and downconverter to sim¬ 
plify fabrication. The physical size of each PCB is 
small, and a standardized outline was planned from 
the start to simplify packaging. The converters were 
designed to be non-critical so that tuning with simple 
equipment is possible. All circuitry operates from a sin¬ 
gle 13.6-volt dc supply. Finally, no very costly com¬ 
ponents are used. There are two configurations of 
a single circuit card: one is for the receiving downcon¬ 
verter and the second for the transmitting upconvert- 
er. For receiving, the main considerations are noise 
figure and intermodulation distortion, while the trans¬ 
mitting converter should have good spectral purity and 
sufficient output to drive a final amplifier. These differ¬ 
ent requirements dictate the selection of different am¬ 
plifiers, but the same filtering is used for both 
converters. Before we leap into the "how-to" con¬ 
struction hints, however, a brief review of the ampli¬ 
fiers, filters, and the PCB itself should be helpful. 

MMICs 

Both converters use silicon microwave monolithic 


integrated circuits (MMICs) extensively. These devices 
have been described recently in Amateur publica¬ 
tions. 56 Each MMIC device is a completely matched 
broadband rf circuit, so only blocking capacitors and 
a bias network are needed to make a 50-ohm amplifi¬ 
er. These "building block" amplifiers are a great aid 
in the design of UHF equipment; at last it can truly 
be said that gain is cheap. 

Among the MMIC amplifier devices suitable for use 
in this converter are the Avantek MSA series, the 
CGY-40 device from Siemens, and the newly an¬ 
nounced MMIC from Mini-Circuits Labs, the MAR-1. 7 
Each of these devices is somewhat different, but they 
are all similar enough mechanically so that any one 
of them can be installed on the circuit board for this 
converter. Only the bias resistor value needs to be 
changed to adapt to a different MMIC. Table 1 lists 
some MMICs, their principle characteristics, and the 
value of the bias resistor for 13.6-volt operation. 

Most of the MMIC amplifiers are available in small, 
four-lead plastic pill-type packages, while the CGY-40 
is available only in a ceramic package. In all cases, two 
of the leads are grounds and the other two are input 
and output. Bias is applied through the output lead. 
Their typical outline is shown in fig. 3. Since the pack¬ 
age is symmetrical, the device can be simply reversed 
(and the bias connection moved to the output) to "turn 
around" the signal flow in a circuit. This idea is cen¬ 
tral to the re-use of circuitry in this transverter. 


filters 

The filters used in both the up- and downconvert- 
ers are identical, although the filtering requirements 
in the two converters are not exactly the same. In the 
downconverter, filtering is used to screen the mixer 
from noise at the image frequency and to help pre¬ 
vent intermodulation distortion by attenuating out-of- 
band signals. The filtering also helps to prevent the 
mixer local oscillator (LO) signal from reradiating (out 
the antenna port), although the reverse isolation of the 
preamplifiers may well be sufficient to block it. In the 
upconverter, however, the filters must prevent the LO 
signal from reaching the antenna through the forward 
path of the amplifiers. The LO signal must not be per 
mitted to saturate the amplifier chain. In general, these 
different requirements would result in different filter 
designs, but it is possible, if not optimal, to use one 
design. 

The filters used here are of edge-coupled design, 
and are similar to combline filters. Filters of this type 
have been built on microstrip circuitry before and used 
with good results by Amateurs. 8 9 Their chief advan¬ 
tage lies in their ease of reproduction and stability; be¬ 
cause the inductors are printed onto the board they 
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need no adjustment. Here, the main variations on this the filtering is distributed. The use of CAD helps to 

old theme are that the filter layout was optimized us- design a good filter, one which comes close to its 

ing computer-aided design (CAD) software, and that specifications the first time. By distributing the filter- 


[] Calculated *f Measured 



fig. 4. Frequency response of the 903-MHz filter. Both the calculated response (squares) and the measured response (crosses) 
of a prototype are shown. 



fig. 5. Full-size printed circuit board negative. 
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ing, the required rejection of out-of-band products is 
achieved not in one filter, but in two or more. There 
is a simple reason for this: it is easier to tune two in¬ 


dependent filters with few elements than it is to tune 
one filter which has many resonators. This is especially 
true when simple test equipment {i.e., no spectrum 
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Table 1. Typical 900 MHz performance of three different manufacturers' MMIC's. 
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dBm 

volts/mA 

13.6 volts 

identification 

Avantek: 







MSA0104 

17 

5 

f 1 

4.5/17 

560 

Plastic package: 

MSA0204 

13 

6 

+ 3 

5/25 

510 

moulded “bump" 

MSA0304 

12 

6 

+ 8 

5/35 

270 

near output lead. 

MSA0404 

8 

6 

f 11 

5.5/50 

160 


Siemens: 







CGY-40 

9 

3 

4- 17 

4.5/65 

130 

Ceramic package. 
Output lead slashed. 

Mini-Circuits: 







MAR 1 

14 

5 

4 1 

7/20 

330 

Plastic package. 
Input lead stashed. 
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analyzer) is used. 

Therefore, a pair of two-section filters is used in 
each converter. The two filters are separated by an 
amplifier stage which prevents interaction and conse¬ 
quently improves out-of-band rejection. 

Each filter consists of a pair of broadside coupled 
microstrip transmission lines. Each line is shorted to 
ground at one end and capacitively loaded at the open- 
circuited end. A top view of this structure is shown 
in fig. 4. Signals are coupled in and out of the filters 
by transmission lines which "tap" the resonators at 
a point whose location helps determine the filter's 
passband impedance match. The variables in the fil¬ 
ter design include the width, length, and spacing of 
the lines, the loading capacitance, and the location of 
the tap points. The CAD program juggled these vari¬ 
ables to produce a good compromise between inser¬ 
tion loss, rejection, and in-band VSWR. The circuit 
model presumed typical losses in G-10 type PCB ma¬ 
terial. Note that the coupling between the filters is, 
according to the model, entirely between the lines. The 
tuning capacitors at the ends of the lines are presumed 
by the software model to be dimensionless. In prac¬ 
tice, however, the capacitors tend to increase the 
coupling between the two resonator sections, increas¬ 
ing the bandwidth and reducing the out-of-band re¬ 
jection relative to the model. No attempt was made 
to model the capacitors' non-ideal behavior because 
there are so many different types of capacitors, and 


each would require its own analysis. 

Figure 5 shows the filter frequency response with 
a dual plot. The points are the predicted performance 
of a single filter, while the crosses show actual results 
from a hand-cut prototype. This prototype used small 
tubular trimmer capacitors similar to those used in the 
downconverter. Note that the calculated response is 
considerably sharper than the actual results, which 
show the expected overcoupled behavior. This devi¬ 
ation from theoretical performance is often seen in 
handmade prototypes, where the fabrication accura¬ 
cy is poor. The performance could probably be im¬ 
proved by using capacitors which are physically 
smaller, and which therefore produce less stray coup¬ 
ling. Further refinement would be made by carefully 
etching a precision filter design onto good microwave 
substrate material. However, this is an amateur de¬ 
sign, and it is just this sort of expected inaccuracy 
which led to the design approach of using non-critical 
filters. Non-critica! filters tuned to the center frequency 
are better than sharp filters on the wrong frequency. 
The rejection of the converter depends on the cascade 
of two filters. With two of these filters cascaded, as 
on the PCB, the out-of-band rejection is approximately 
twice that of a single filter. 

printed circuit board 

The board is common fiberglass epoxy G-10 mate¬ 
rial, 0.06 inch thick. The top traces are shown in the 
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fig. 8. Signal level diagram for the upconverter. The three main frequencies of interest are tracked through the chain to 
ensure that each is at a manageable level at each stage. 


Parts fist, fig 

3 

Parts common to both versions 

Cl 2,5.6,9,10, 

30 to 100 pF chip capacitor 

1113.15 

C3,4,7.8 

2-10 pF variable cap 

C12.14,16 

0 01 to 1 (tF ceramic disk capacitor. 25 volts 

C17 

5 100 /tF electrolytic or tantalum 

RFC 12,3 

Approximately 10 turns No 30 AWG solid Kynar insulated wire 

U1 

(wire wrap wire), dose wound on 0.06 inch diameter form 
<removed after winding) 

SBL IX mixer. Mini Circuits Labs 

Parts specific to upconverter: 

AR1 

Avantek MSA0304 MMIC amplifier 

AR2 

Avontek MSA0404 MMIC amplifier 

AR3 

Siemens CGY-40 MMIC amplifier 

R1 

270 ohms, 1/2-Watt 

R2 

160 ohms. 1/2 Watt 

R3 

130 ohms, 1 Watt 

Parts specific to downconverter 

AR1.2 

Avantek MSA0304 MMIC amplifier 

AR3 

Siemens CGY 40 MMIC amplifier 

R1.2 

270 ohms. 1/2 Watt 

R3 

130 ohms. 1 Watt 


full-size negative (fig. 6). The bottom side, visible in 
the photograph, is unbroken copper that serves as a 
ground plane for the microstriplines. Components are 
mounted mainly on the top of the board, and soldered 
to the top traces. Where good grounds are essential, 
such as at the bases of the filter stubs, eyelets are used 
to connect top and bottom grounds. The edge of the 
board was wrapped with copper foil and soldered on 
both sides to further decrease ground impedances. 

A few components — including the mixer, whose 
can is soldered to the ground plane, and the bias resis¬ 
tors — are mounted on the bottom side. Remember 
to clear away the copper where non-grounded leads 
pass through the board. There are four pins on the 
mixer which must be isolated above ground, and each 
end of the bias resistors also must be so isolated. There 


is no artwork for the ground plane side of the board, 
so the clearance holes are made by hand with a small 
drill or pad cutter, A pad cutter can also be used to 
make a pad for the bias resistor on the microstrip side 
of the board, if desired. 

The MMICs are mounted in a hole drilled through 
the board. One of the two ground leads on each pack¬ 
age is soldered to the top ground. The second ground 
lead is bent at a right angle to the package, inserted 
through the hole, and soldered to the bottom ground 
plane. The clearance hole size depends on the device 
used, because the MMICs listed in fig. 2 range in di¬ 
ameter from 0.07 to 0.19 inches. 

There are two component layout drawings , one for 
the upconverter and the second for the downconvert- 
er. These are both shown in fig. 7. Note that the bias 
inductor is routed to the output end of the MMIC, so 
the locations of the three coils are somewhat differ¬ 
ent for the two versions. The MMIC orientations are 
of course opposite in the two versions. Otherwise, the 
parts locations are identical. 

the downconverter 

The schematic diagram of the receiving version is 
shown in fig. 8. The downconverter should have good 
noise performance, moderate gain, and good selec¬ 
tivity. Recall that the intent of this converter is not to 
produce the lowest possible noise figure. If a very low 
noise figure system is needed, a preamplifier should 
be used. 

The input signal from a low-noise amplifier, or 
directly from an antenna, is fed to the first amplifier 
in the chain. There are a number of possible choices 
for this first amplifier stage. Any of the listed devices 
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could be used, but in general an amplifier with a low 
noise figure is used at the front end. The CGY-40 is 
a good choice here because it combines relatively low 
noise figure with good power handling ability, so that 
the overall dynamic range is excellent. The main draw¬ 
back of this MM 1C is that it is more expensive than 
some of the others. (A discrete bipolar or FET tran¬ 
sistor stage could also be installed as the first amplifi¬ 
er in the chain.) The board layout includes a 
rectangular pad near the input for use of base or gate 
biasing circuitry, if needed. 

The first filter stage follows the first MM 1C. After 
filtering, the next amplifier is used mainly as a buffer 
between the two filters and adds a bit of gain. Lower- 
cost silicon MMICs are a good choice here; I used the 
Avantek MSA0304. At first glance it may seem strange 
that the input stage should have a higher intercept 
point than the following stage, but the reasoning is 
this: the second stage has the benefit of filtering to 
screen strong out-of-band signals, while the broad¬ 
band input stage must face the world of large signals 
"naked," as it were. This reasoning is not theoreti¬ 
cally rigorous, but in practice it seems to be correct 
— even a moderately selective filter in front of a 
preamplifier works wonders in reducing intermodula¬ 
tion spurious responses. 

A second filter and a third amplifier follow. The fi¬ 
nal amplifier provides a good broadband termination 
for the mixer, which helps to preserve the mixer's low 
intermodulation distortion. If there is too much gain 
in the system, such as might be the case when a high- 
gain preamplifier is used with this converter, the mid¬ 
dle stage could be replaced with a resistive pi attenu¬ 
ator pad to isolate the two filters somewhat. 

The PCB is laid out for a specific mixer, the Mini- 
Circuits SBL-1X. This low-cost mixer, which provides 
good performance up to 1000 MHz, can be used with 
any i-f of 5 to 500 MHz. The local oscillator drive level 
is 5 milliwatts (-1-7 dBm). Other mixers can physically 
be plugged into the same eight-pin layout, but take 
care; the SBL-1X has an unusual pin assignment. 

When the downconverter is configured as shown 
in the schematic, it will have a noise figure of 3 to 4 
dB at room temperature. It will have good selectivity; 
the gain at 700 MHz, for example, will be more than 
20 dB, down from its gain at 903 MHz (which is +17 
dB). The image response at 613 MHz (the 758 MHz 
LO minus the 144 MHz i-f) measured more than 50 dB 
below the desired 903-MHz response.** The selectivity 
of this cascade of two broad filters is sufficient to 
keep most fm broadcast, TV, and other signals be¬ 
low UHF from causing any problems with 903-MHz 
reception. 

* * Measured with the rf drive level set to - 35 dBm and with + 10 dBm drive 
at 758 at the LO port. 



fig. 9. Photograph of the circuit side of the converter, which 
in this case is a downconverter version. 


the upconverter 

The upconverter has a somewhat different task than 
the downconverter. Here, noise figure is not of great 
importance, but the output level should be high 
enough to drive an amplifier. In this case, I wanted 
30 to 40 milliwatts output so that a hybrid amplifier 
would be fully driven to its 7-watt output. This require¬ 
ment dictated a different choice of amplifier MMICs 
than did the receiver converter. Figure 9 is a matrix 
of the required signal levels. This matrix was put to¬ 
gether to ensure that the various signals which exit 
the mixer do not saturate the amplifier chain, and that 
the undesired signals are ultimately well attenuated at 
the converter's output. Thus, the three main signals 
of note are tracked through the chain. As an exam¬ 
ple, the 758-MHz LO drive leaks through the mixer 
somewhat, and appears at the output of the mixer as 
an undesired spurious at about -13 dBm maximum. 
This spurious must be attenuated before it reaches the 
output. The chart shows that the undesired signals re¬ 
main within manageable range throughout the upcon¬ 
verter chain, and that the expected signal levels are 
within the linear power limits of each MMIC. 

This chart also shows that the desired drive level 
at 144 MHz is about 1 milliwatt (0 dBm). The drive 
from the i-f source must not be much greater than 10 
milliwatts, and should never be greater than 100 mil¬ 
liwatts or the mixer may be damaged. To adjust the 
output power of the upconverter, change the input 
drive level. 

The schematic of the upconverter is given in fig. 
8. The desired 903-MHz signal, mixed from 144 and 
758/ continues to be amplified throughout the chain, 
and by the time it reaches the output it is considera¬ 
bly stronger than the next larger signal at 758 MHz. 
At the ouput, a power level of +16 dBm is achieved, 
easily enough to drive a hybrid amplifier to its full 
output. 



March 1987 


25 





fig. 10. Photograph of the groundplane side of the converter. 
The mixer and the three MMIC bias resistors are visible. 



tuning 

Once a converter is assembled, it is necessary to 
tune the filters. No other part of the circuitry requires 
tuning, fortunately. The filters must be peaked for 
minimum loss at the center frequency. Once peaked 
at 903 MHz, for instance, the converter should work 
well enough over the entire 902 to 928 MHz band. The 
3-dB bandwidth of the converter is about 50 MHz. I 
found that there was only one peak reading obtaina¬ 
ble, so that there is no problem with tuning to the 
wrong harmonic as long as you are measuring the cor¬ 
rect frequency. The board can be tested at 903 MHz 
with all of the components except the mixer installed. 
A test connector is temporarily installed at the point 
marked "x" on the layout drawing (fig. 7). The other 
end of the converter board is connected normally as 
either the drive input (downconverter version) or the 
output (upconverter). 

After tuning and testing at 903, install the mixer. 
Test the entire converter by applying a low-level sig¬ 
nal to the input, the LO to the L port of the mixer. 


and verify that the output signal is no more than about 
10 dB lower than the straight-through gain was be¬ 
fore the mixer loss was added. The alignment is then 
complete. 

A number of these converter boards have been built, 
and none has shown any tuning difficulties. See figs. 
10 and 11. The filters tune with a single peak, and there 
have been no instabilities with the MMIC amplifiers. 
They thus appear to be simple, well-behaved conver¬ 
sion blocks, useful in many applications. The filters' 
center frequency can in fact be tuned (simply by ad¬ 
justing the end loading capacitors) over a fairly wide 
bandwidth, so that these boards could probably be 
operated anywhere between about 750 and 1000 MHz 
with only slightly degraded selectivity. Clearly, if the 
filters' coupled microstrip line lengths were scaled, this 
range could be further extended. The mixer's operat¬ 
ing range is guaranteed only up to 1 GHz, but one was 
tried at 1300 MHz and showed good conversion loss 
and isolation. 

A complete block diagram of a 903 transverter is 
shown in fig. 12. This transverter uses the two con¬ 
verter boards described here. One converter drives a 
hybrid amplifier module to 7 watts output in Class C 
operation, and the receiving converter is used alone 
with a low-noise MMIC to give a system noise figure 
of about 3 dB. The entire transverter operates from 
a single 13.6-volt supply. 

sources of parts 

The parts should be available from a number of 
sources. Small capacitors and connectors are listed 
in a few companies' advertisements in the Amateur 
press. Although manufacturers are sometimes unwill¬ 
ing to sell single devices, MMICs are available from 
manufacturers and their distributors in moderate quan¬ 
tities. MMICs will probably be stocked by Amateur 
vendors soon, too. As a courtesy to Amateur builders, 
I can supply the pc boards and a few of the other parts 
for this project. Send an SASE to me for a list of avail¬ 
able items. 
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the TEXNET packet-switching 

network 

part 1: system definition and design 


Four-node 
digipeater system 
reduces congestion, 
speeds packet delivery 

In response to the phenomenal growth of packet 
radio over the past three years, many packet repeater 
("digipeater”) networks have been developed, allow¬ 
ing packet communications to be extended over many 
hundreds, even thousands, of miles. The operation of 
these digipeater systems has not been without some 
significant problems, however; most notably, conges¬ 
tion and difficulty in maintaining connections through 
more than about four or five individual repeaters, with 
excessive time delays between endpoints. 

In an effort to resolve these problems, we decided 
to establish a rapid, reliable network that would allow 
Texas packet radio operators to communicate effec¬ 
tively over distances of several hundred miles in real 
time . We now have TEXNET, a four-node network 
with some of the communication trunks between 
nodes operating at 9600 bits per second. 

In developing TEXNET, our goal was to minimize 
the cost of building a network node, yet provide very 
small transmission delay time between users. After the 
system was in place, we added additional services to 
the network without degrading the quick response 
time. 

digipeaters — pro and con 

A digipeater repeats what is transmitted to it; it can't 
remember anything about what it is repeating. 

A good analogy to a "string” of individual digipeat¬ 
ers is a bucket-brigade line at a fire, in which each per¬ 
son is handed a bucket, which he or she in turn hands 
down the line to the next person. Eventually, each 
bucket makes it to the last person in the line, who 
throws the water onto the fire. With digipeaters, the 


I system works like this: the first person in the line fills 
up a bucket and hands it to the second person. The 
second person hands it to the third, and so on until 
it reaches the end of the line (the receiver). Utilizing 
digipeaters, the sender must wait until the bucket is 
delivered to the receiver, emptied, and then sent back¬ 
wards up the line back to the sender, who fills it up 
again. In other words, there's only one bucket! 

Just as water can leak or spill from the bucket each 
time it's passed in the bucket brigade, data packets 
can be lost at each digipeater. Thus, it's not at all cer¬ 
tain that all of the packets will arrive at their appoint¬ 
ed destination. 

On packet radio we use a layer 2 protocol called 
AX.25 to assure that all the packets get to the desti¬ 
nation in the right order, without any getting lost along 
the way. This protocol is no more than a set of rules 
upon which the sender and receiver have agreed; one 
of the rules is that the receiver will "acknowledge” 
packets when they're received. The receiver sends 
these acknowledgments ("ACK,” for short) back¬ 
wards up the bucket-brigade line (i.e., the string of 
digipeaters) to the sender. If the sender doesn't see 
an acknowledgment within a few seconds, it assumes 
that the packet was lost somewhere and retransmits 
the packet. When the ACK is received, the sender 
transmits the next packet. However, only one bucket 
can be put into the line at a time; the ACK must come 
back from the receiver before the next packet can be 
started. Notice that none of the digipeaters really get 
involved in what's going on; they merely repeat the 
packets. This method of acknowledgment is known 
as end-to-end acknowledgment — that is, the ac¬ 
knowledgment travels all the way through the string 
of digipeaters from the packet receiver back to the 
packet sender. (AX.25 is really a little more compli¬ 
cated than this, but it's a good approximation of 
what's happening.) 

Thomas H. Aschenbrenner, WB5PUC, and 
Thomas C. McDermott, N5EG, Texas Packet 
Radio Society, 265 Daniel Drive, Plano, Texas 
75074 
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fig. 1. Throughput vs. rf link quality end-to-end and hop- 
to-hop methods. This graph shows the relative through¬ 
put for several packet repeating strategies. The through¬ 
put for hop-to-hop acknowledgments is independent of 
the number of hops, while the throughput for end-to- 
end acknowledgments degrades with an increasing num¬ 
ber of hops. Both strategies degrade (i.e., the through¬ 
put is reduced) as the quality of the packet links becomes 
worse and causes more retries. 
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As anyone who's used a string of digipeaters to 
communicate with another station can attest, AX,25 
works. But because we have only one bucket, the 
throughput (the amount of water that can be deliv¬ 
ered to the fire) is very limited, and the greater the 
number of digipeaters in the path, the worse the prob¬ 
lem becomes. In fact, it gets much worse very fast. 
Since the loss of a packet or of an acknowledgment 
at any point in the path will cause the retransmission 
of a packet, the probability of both the packet and the 
acknowledgment making the round trip successfully 
quickly becomes very small. This means that com¬ 
municating a single packet will require many retrans¬ 
missions, so throughput is reduced significantly. 

A better method of relaying the information along 
a network would be to have each repeater along the 
way check the validity of the information before pass¬ 
ing it on to the next repeater. That is, each repeater 
would ask for a 'Till'' of the message before sending 
it down the line. When the sender is assured that the 
first repeater received the packet, it could immediate¬ 
ly send the next packet into the bucket-brigade line. 
Thus, we would have a bucket-brigade line with many 
buckets. Once the first bucket is delivered to the first 
repeater, another bucket would be filled and delivered 
to the first repeater by the sender. Thus the through¬ 
put (amount of water delivered) would be increased 
greatly. If we were to employ this strategy in relaying 
a message, the chance of losing packets grows only 
slightly larger as the number of digipeaters is in¬ 


creased, This method is called hop-to-hop ac¬ 
knowledgment, as each packet is acknowledged 
between adjacent repeaters before being sent along 
the network. As the probability of losing a packet 
grows, the necessity of retransmitting it increases — 
that is, fewer packets per unit of time can be trans¬ 
mitted. Figure 1 compares the throughput for hop- 
to-hop and end-to-end ACK methods to the rf path 
quality between each repeater. 

Response time — the amount of time it takes for 
a message to be delivered from the sender to the re¬ 
ceiver, and for the sender to receive the ACK — is an 
additional consideration. Figure 2 compares the 
round-trip response time for hop-to-hop and end-to- 
end ACK methods to the rf link quality between each 
repeater. As can be seen, if the repeaters operate vir¬ 
tually error-free, then the end-to-end acknowledgment 
strategy works very well. However, if the quality is 
degraded even slightly, it can be seen that the end- 
to-end strategy behaves poorly, whereas the hop-to- 
hop acknowledgment degrades linearly only with path 
quality. It should be noted that 2-meter packet users 
consider a path with 75 percent reliability extremely 
good! 

A second problem with any string of digipeaters lies 
in determining just where a problem exists. If one of 
the repeaters in the string isn't receiving packets at 
all, then the sender and receiver know only that the 
path is "blocked" and are unable to tell where the 
packets aren't being relayed. 
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fig. 2. Response time vs. rf link quality end-to-end and 
hop-to-hop methods. This graph shows the relative 
response delay for several packet repeating strategies. 
The response delay for hop-to-hop acknowledgments is 
shorter (faster response) than for end-to-end acknowl¬ 
edgments unless the rf links are perfect (quality = 1.0), 
when the two have equal performance. Both strategies 
degrade (i.e., the response slows down) as the quality 
of the packet links degrades and causes more retries. 
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a network solution 

To try and solve some of these problems, we want¬ 
ed to build a packet network that would acknowledge 
packets at each step on the path, operate with mini¬ 
mal time delay, and provide us with information about 
the network: specifically, a measurement of the path 
quality at each point in the network and clear indica¬ 
tion of where the break in the path has occurred, 
should one of the paths be out or one of the nodes 
be broken. It could also provide other features, such 
as conference bridges between any three or more 
users, or bulletin board service to several users simul¬ 
taneously. 

Earlier we stated that AX.25 would provide only end- 
to-end acknowledgments. This is because X.25 (from 
which AX.25 was derived) was designed basically as 
a point-to-point protocol. As a result, it works very 
well when Station A wants to communicate reliably 
with Station B. Our network, however, must use some 
additional strategies (protocols) for managing things 
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fig. 3. This is a map of a simple network. Station A is 
sending packets to station C through an intermediate 
repeater (station B) because stations A and C are too far 
apart to communicate directly. 


like supervision (altering routing tables, reinitializing 
nodes), error recovery (to indicate where network has 
failed), and hop-to-hop acknowledgments. 

It's at this point that we'll break up the problem of 
communicating between two stations into several 
"pieces," each of which will have the responsibility 
of solving only a part of the total problem. If we're 
smart about how to divide up the problem, each piece 
will be a fairly straightforward design problem, and 
each piece will know what to expect of the other 
pieces. That is, each of the pieces will cooperate with 
the others in order to solve the entire communication 
problem. This approach is called "layering" a problem. 

layered protocols 

Let's look at the problem of communicating a mes¬ 
sage along a network. Station A is the sender, Sta¬ 
tion B is the repeater, and Station C is the receiver 
(see fig. 3). The sender. Station A, needs a way to 
send information along the route A-B-C. 

The first problem is to make sure that the informa¬ 
tion gets from A to B accurately. Let us assign this 
problem to layer 2 (ignoring layer 1 for now). That is, 
layer 2 must get information from A to B in the cor¬ 
rect sequence, without duplicating any packets and 
without losing any packets. AX.25 works just fine for 
this job. Getting data from A to B is a point-to-point 
problem; A sends the packets and B acknowledges 
them. Now that some packets have traversed from A 
to B, how does B know what to do with them? This 
is a job for the next layer of the protocol, layer 3. Lay¬ 
er 3 tells each node where the information is going; 
if B is unable to send the information to C (or a path 
that leads to C), then it informs A that something is 



fig. 4. Layering the protocols (wrapping and unwrapping). Each node contains software to wrap the layer 3 and then the 
layer 2 information around the data. Each node also contains software to unwrap layer 2 and layer 3 information from 
the data, and examine this information to determine how to route the data to the final receiver. 
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fig. 5. Contents of the packet. The layer 3 envelope is 
wrapped around the data first. It tells each node where 
the data came from, and where it is going, and the net- 
work entry and exit points. The layer 2 envelope is 
wrapped around the layer 3 envelope, and tells two 
adjacent nodes how to exchange the information relia¬ 
bly between themselves. 



fig. 6. Drawing the network boundaries—which nodes 
translate from AX.25to TEXNET-IP. In order for network 
users not to have to understand the internal network pro¬ 
tocol, each network node has a user entry point, which 
supplies an English-language interface between the user 
and the network. The user may ask the network for serv¬ 
ices via this interface. 
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fig. 7. This is a map of the TEXNET test bed and two user 
stations (operators, TNCs, and 2-meter radios) of the net¬ 
work. Network trunks exist between Murphy, Dallas, 
and Tl, but Garland can only communicate with Dallas. 


wrong with the network. So Station A has to add a 
little additional information at the front of each pack¬ 
et that tells the intermediate stations where the infor¬ 
mation came from and where it's going. 

Let's examine the sequence of events that occurs 
here. In fig. 4, Station A generates some data and 
sends it to its own layer 3 box. This box adds some 
information to the data packet (who the sender and 
receiver are, for example). Then the layer 3 box gives 
this slightly larger packet to the layer 2 box, which in 
turn adds a little information to it (things like a check¬ 
sum for detecting errors, and the callsigns of Stations 
A and B). Layer 2 at Station A then assures that this 
packet is reliably delivered to the layer 2 box at Sta¬ 
tion B, The layer 2 box at Station B, happy with this 
packet, "unwraps" the layer 2 information and delivers 
what's left to the layer 3 box at Station B. The layer 
3 box at Station B now looks at the information that 
the layer 3 box at Station A added to the packet and 
decides what to do with the packet. Probably Station 
B will determine the best way to get to Station C, and 
will tell its own layer 2 to send this packet to Station 
C; Station B will not alter the layer 3 information that 
station A put on the packet. Then the layer 2 box at 
Station B will add information (like a checksum, and 
the callsigns of Stations B and C) to the packet, and 
reliably deliver it to Station C. The "unwrapping" (ex¬ 
amination of the layer 3 header, and the "rewrapping" 
of the layer 2 data) will continue at each node until 
the packet arrives at C. At Station C, the layer 2 box 
will "unwrap" the layer 2 data and then present the 
remainder to the layer 3 process, which will notice that 
this packet is destined for this station. Then the layer 
3 box at Station C will remove the layer 3 information 
and present the raw data to the receiver at Station C. 
The contents of this individual packet is shown in fig. 
5. 

Thus raw data has traversed the network from A 
to B, through intervening users. At each step of the 
way it was error-checked and reliably exchanged by 
adjacent nodes, and each node decided how to route 
the information along to the final destination. Thus we 
have built a method that offers hop-to-hop ac¬ 
knowledgment, routing information reliably between 
two points. It also returns error messages to the 
sender, since it knows who the sender and receiver 
are. 

There are two important points to consider: a stan¬ 
dard protocol (AX.25) has been used at layer 2, and 
some of the more distressing problems with digipeat- 
ers have been solved. Unfortunately, we've added the 
requirement that the sender and receiver, Stations A 
and B, understand and implement an additional pro¬ 
tocol, the layer 3 box. Rather than require this, we can 
instead build a "translation" function into Stations C, 


March 1987 S3 33 

















D, E, and F. These would converse with A and with 
B in an English language-like manner, and would make 
all the decisions about to and from whom packets 
should be delivered. Thus if Stations A and B can wrap 
and unwrap the layer 2 information from each pack¬ 
et, and if the human operators at Stations A and B 
understand the English language commands that C 
through F need in order to translate and add layer 3 
information to each packet, then the users at A and 
B need only to possess a TNC that has a layer 2 func¬ 
tion that is compatible with AX.25 (see fig. 6). For¬ 
tunately, all TNCs are capable of this. 

the TEXNET implementation 

This is how TEXNET operates. A user connects to 
TEXNET just as anyone with a TNC would connect 
to any station. For example, let's look at the sequence 
K5YEF (in Plano) would follow to utilize the network 
to talk to a station in Garland (see fig. 7). 

In this case, K5YEF is located near the Murphy 
node, and WD5H JP is located near the Garland node. 
Notice that the network node stations are not normal 
TNCs, but are TEXNET network nodes instead. 

What K5YEF types is shown underlined; all other 
text appears on his CRT. 

CMP >C_.,N5 Ear-4 

CMD* * * * CONNECT ED TO N5EG-4 

N5EG-4 VIRTUAL CONNECTION 03 AT 17:04:57 ON 11/26/86 
*** WELCOME TO TEXNET V0706-WB5PUC *** 

COMMAND ? Circuit WD5HJP <3 GARLAND 

YOUR CONNECTION IS ESTABLISHED 

From this point on, the communication proceeds 
normally. 

What does the station WD5HJP see? Let's take a 
look at WDBHJP's CRT. 

CMD»**'CONNECTED TO WA5MWD-4 

INCOMING TEXNET CONNECTION FROM K5YEF-0 AT MURPHY 

At this point, whatever K5YEF has typed appears on 
the screen. 

The users of TEXNET connect to it on 145.05 MHz, 
at 1200 Baud using their standard TNCs. The network 
communicates between its own nodes using AX.25 
as the layer 2 protocol and TEXNET-IP as the layer 3 
protocol. The network nodes run their inter-nodal 
trunks at 9600 Baud on either 220 or 450 MHz, or can 
run them at 1200 Baud on 2 meters. 

It would be best if the users of this network (Sta¬ 
tions A and B, for example) had a way to communi¬ 
cate with the network that didn't require the use of 
human operators and English language commands. 
Then computers (at A and B) could control setting¬ 
up and tearing-dowr connections through the net¬ 
work. Unfortunately, chis type of layer 3 protocol — 


\ 

\ 



fig. 8. A Mesh network topology. Many paths through 
this network are possible, AEILNMB, AEDHKMB, 
AEIHKMB are 3 possible routes. This network is resis¬ 
tant to failures, but expensive to implement. 



outside the network — requires that all TNCs be stan¬ 
dardized for a layer 3 communication process, and no 
standards now exist in the Amateur community for this 
function. 

The TEXNET-IP layer 3 protocol is "hidden" from 
all the users because the entry and exit nodes of the 
network translate the instructions from the users from 
English to TEXNET-IP and back again. The TEXNET-IP 
is utilized only within the network, and it is of a family 
of network protocols known as "datagram" (that is, 
each packet carries all of the information needed by 
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the network). The TEXNET-IP protocol adds 5 bytes 
of overhead to the front of every packet inside the net¬ 
work, but is not suited for use as a user layer 3 
protocol. 

network topologies 

How should all of these network modes be physi¬ 
cally located? How should the communication paths 
between nodes be set up? The topology of a network 
is a map of the network —that is, where the nodes of 
the network are located, and which nodes are within 
rf range of other nodes. The topology defines which 
nodes can be connected to each other, and gives a 
name to the different types of network configurations 
that could be made. 

There are many topologies available for setting up 
a network, but we'll look at two common ones here. 
One way to set up a network —a "mesh" network — 
is shown in fig. 8. Mesh networks have many nodes, 
and many possible ways to route information between 
two users. Meshes also have a lot of "resilliency." 
They can suffer outages of nodes and/or paths, yet 
still have a way to route information between any two 
points. 

Because the Texas Packet Radio Society doesn't 
have enough money to build and install switching 
nodes everywhere, we've chosen a topology that 
minimizes cost, but unfortunately degrades the sur¬ 
vivability of the network. In our network, we've in¬ 
stalled a "backbone" arrangement as shown in fig. 
9. In this topology, nodes are installed along a "skin¬ 
ny" route between the major population centers — 
those users with the largest amount of traffic to send 
a long distance. Alternate routes to some of the paths 
are included. Each of the nodes contains a "table" in 
memory which is a map of the system, so that it knows 
to which node packets should be forwarded, depend¬ 
ing upon, which node will receive the packet and de¬ 
liver it to the final user. These tables contain alternate 
routes in case the primary route is unavailable. In ad¬ 
dition, each node contains an area in the memory 
where the routing table can be "patched" to accom¬ 
modate recent changes to the map. These recent 
changes can be loaded into the network nodes by the 
network control operator. This type of routing is 
known as static or directory routing. 

Further articles in this series will focus on specific 
issues addressed in implementing the TEXNET net- 
work. One section will be devoted to the hardware that 
was designed, and one section will be devoted to the 
software that was designed (protocol layers). The soft¬ 
ware section will also describe additional features 
provided by the network. 
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simple ICOM IC-735 to 

C-64 interface 


Software routine 
controls frequency, 
mode, memory channel, 
and VFO selection 

This simple hardware and software interface can 
be used to control an IC-735 transceiver by means of 
a Commodore 64 using a serial data bus. With an un¬ 
derstanding of the control codes listed in table 1 , a 
routine can be written to perform many complex, use¬ 
ful operations with the IC-735 and, ultimately, to 
automate an entire station. Because future ICOM 
equipment will have the same data protocol, the pro¬ 
gram shown in fig. 1 should be easily adaptable to 
those as well. 

Figure 2 is a schematic diagram of the hardware 


Table 1, 

Control code designations and descriptions. 

Control 

Code 

Description 

3 

Requests transceiver to return its current operat¬ 
ing frequency- 

4 

Requests transceiver to return its 
current operating mode. 

5 

Selects operating frequency. 

6 

Selects operating mode. 

7 

Selects VFO A or B 

8 

Sets parameters of selected memory channel. 

9 

Stores current configuration into displayed memory 
channel. 

A 

Stores current configuration into last displayed VFO 
memory. 

NOTE: Codes 0 through 2, below, are not used in this program. 

0 

Code used by transceiver when returning frequency 
after main dial or mode switch has been activated. 

1 

Same as 0 except data is for mode. 

2 

Request to return valid operating range. 



used to interface the IC-735 to the C-64. Notice that 
the only component needed is a 4.8 k pull-up resis¬ 
tor. A more sophisticated design involving transistors 
and inverters for buffering is possible but not neces¬ 
sary because the C-64 user port is TTL-level compati¬ 
ble with the IC-735. The pull-up resistor is used to 
provide sufficient current to drive the input and out¬ 
put pins of Commodore's user port. Since this is a bi¬ 
directional data bus, both input and output pins in the 
C-64 user port are connected together. The flag in¬ 
terrupt is also connected to the bus for data detec¬ 
tion and timing. As can be seen from the schematic, 
pins B, C, and M on the user port are pulled up to 
+ 5 volts through the resistor by a connection at pin 
2 in the user port. The center connector of the 
REMOTE output of the IC-735 is then connected via 
a two-conductor cable to these data pins. The out¬ 
side connector of the IC-735 REMOTE is connected 
through the same cable to pin N (GND) on the user 
port, thus completing the hardware interface. 

code description 

A line-by-line description of the entire listing is not 
necessary because of the functional similarity of the 
functional control blocks. (See fig. 3.) The details 
presented in the first block are useful for understand¬ 
ing the balance of the program. 

housekeeping 

Lines 10 through 599 contain a brief introduction, 
a definition of variables used, and a subroutine map. 
Line 600 begins the functional part of the program by 
initializing the system. It opens the user port on the 
C-64, sets the screen color, clears the screen, and pro¬ 
vides the data for the function keys. Lines 750 through 
950 display the main menu and prompt the user for 
the desired function. 


frequency selection 


The block of code beginning at line 1 


is the first 


Charles F. Bahr, N7ICW, 5621 North 40th Street, 
Tacoma, Washington 98407 
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10 REM ******************************** 


20 REM * FILE NAME: CSMA/CD * 
30 REM * THIS ROUTINE CONTROLS AN * 
40 REM * ICOM 73S HF TRANSCEIVER * 
50 REM * EQUIPPED WITH THE CI-V DATA * 
60 REM * BUS AND CONTROLLED BY THE * 
70 REM * COMMODORE 64. * 
00 REM * REFER TO THE C-64 PROGRAMMERS* 
90 REM * REFERENCE GUIDE PAGES 340 * 
9B REM * THROUGH 357 FOR ASSISTANCE. * 


99 REM ******************************** 


100 

REM 



110 

REM 

BYl 

CHARLES F. BAHR 

120 

REM 


N7ICW 

122 

REM 


5621 NO. 40TH 

124 

REM 


TACOMA, WN. 90407 

140 

REM 



160 

REM 



170 

REM 

—-- 

VARIABLE DEFINITION - 

180 

REM 

FA « 

BAD DATA * 250 

190 

REM 

FB « 

GOOD DATA » 251 

200 

REM 

FC « 

JAMMER CODE * 252 

210 

REM 

FD * 

STOP BYTE « 253 

220 

REM 

FE a 

START BYTE « 254 

230 

REM 

SR ” 

STATUS REGISTER 

240 

REM 

R a 

RECEIVER ADDRESS 

260 

REM 

c * 

CONTROLLER ADDRESS 

265 

REM 

F = 

INPUT FREQUENCY 

280 

REM 




DETM 



JvU 

rttn 


OUUKUU 1 i Pit rlnr 

310 

REM 



320 

REM 

600 

INITIALIZE 

330 

REM 

750 

MAIN MENU 

340 

REM 

1000 

SET FREQUENCY 

350 

REM 

2000 

SET MODE 

360 

REM 

3000 

SET VFO 

370 

REM 

4000 

SET MEMORY 

380 

REM 

5000 

PROGRAM MEMORY 

390 

REM 

6000 

MEMORY TO VFO 

410 

REM 

8000 

SOFT KEY SETUP 

420 

REM 

0500 

CLEAR SCREEN 

425 

REM 

8600 

RESULTS OF CHANGE 

435 

REM 

8700 

GET DATA 

445 

REM 

0900 

CONVERT TO HEXADECIMAL 

450 

REM 

9500 

ERROR PROCESSING 

460 

REM 

9900 

EXIT ROUTINE 

470 

REM 



599 

R«0 



600 

REM 

— 

- INITIALIZE SYSTEM - 


601 OPEN 2,2,0,CHRS(8)+CHRS<17> 

602 REM 1200 BAUD,PARITY DISABLED,XLINE 

605 DIM K(20),Y(20),X(20), ES (20) , VS (2) , E (20) , DS (20) , D (20) 
615 POKE 53200,01 POKE 53201,Os REM SCREEN AND BORDER 

630 PRINT CHR*(30) 

631 IF R>0 THEN GOTO 640 

640 GOSUB 0500:REM CLEAR SCREEN 
650 REM 

600 DATA 1,SET FREQUENCY,2,SET MODE 
690 DATA 3,SET VFO A DR B,4,MEMORY CHANNEL 
700 DATA 5,STORE MEMORY,6,MEMORY TO VFO 
705 REM 

750 REM-MAIN MENU- 

755 REM 

760 GOSUB 85001 REM CLEAR SCREEN 
765 PRINT CHR*(30) 

770 PRINT TAB(11)“MAIN MENU" 

775 PRINT 
700 PRINT 

705 PRINT TAB (3) ,, C0DE ,, TAB (10) "FUNCTION 1 ’ 

790 PRINT 

795 RESTORE 

000 FOR X=1 TO 6 


fig. 1. ICOM~735 hf transceiver program. 
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805 READ D,B* 

810 PRINT TAB(3)D TAB(10)B* 

815 PRINT 
820 NEXT X 
825 PRINT 

030 PRINT TAB(4) "ENTER CODE" 

840 REM 

850 GOSUB 80001 REM SOFT KEYS 
860 GET A* 

865 IF A*®"" GOTO 860 
B70 A=ASC(A*+CHR*(0)) 

875 A=A-4B 

8B0 IF A*®CHR*(133> THEN GOTO 860s REM BLANK SOFT KEY 

885 IF A*=CHR*(134) THEN GOTO 640s REM MAIN MENU 

887 IF A*=CHR*(135> THEN GOSUB 7000s SYSTEM STATUS 

888 IF A*®CHR*(135> THEN GOTO 631s REM REDISPLAY MENU 

890 IF A*=CHR*(136) THEN GOTO 9900sREM EXIT PROGRAM 

900 IF A<1 OR A>6 THEN GOTO 631 

910 ON A GOTO 1000,2000,3000,4000,5000,6000 

920 GOSUB 8500 s REM CLEAR SCREEN 

922 PRINT 

924 PRINT 

926 PRINT 

928 PRINT 

930 PRINT " INVALID CHARACTER, TRY AGAIN." 

940 FOR X=1 TO 2500s NEXT X 
950 GOTO 760 
1000 REM 

1010 REM ************************* 

1020 REM * SET FREQUENCY ROUTINE * 

1030 REM * CONTROL CODE 05 * 

1040 REM ************************* 

1060 GOSUB 8500s REM CLEAR SCREEN 

1061 CLOSE 2 

1062 OPEN 2,2,0,CHR*(8)+CHR*(17) 

1110 REM 

1120 FOR X®1 TO 10 
1130 PRINT 
1140 NEXT X 

1150 INPUT " ENTER NEW FREQUENCY IN MHZ "?F 

1170 IF F<=30 AND F>®. 1 THEN GOTO 1290 

1180 PRINT " FREQUENCY SELECTED IS OUTSIDE " 

1185 PRINT " BOUNDS OF IC-735. TRY AGAIN." 

1190 FOR X®1 TO 2500s NEXT X 
1200 GOTO 1060 

1290 GOSUB 8900 s REM CONVERT TO HEX 

1300 PRINT#2,CHR*(254)+CHR*(254)+CHR*(4)+CHR*(241)$ 

1310 PRINT#2,CHR*(5)+CHR*(W)+CHR*(V)+CHR*(U)+CHR*(T)+CHR*(253) 
1320 GOSUB 8700sREM VERIFY DATA 
1330 CLOSE 2 

1340 GOTO 600 

2000 REM ******************* 

2010 REM * SET MODE * 

2020 REM * CONTROL CODE 06 * 

2030 REM ******************* 

2040 REM 
2050 CLOSE 2 

2060 OPEN 2,2,0,CHR*(8)+CHR*(17) 

2080 GOSUB 8500s REM CLEAR SCREEN 

2090 FOR X=1 TO 10 

2100 PRINT 

2110 NEXT X 

2115 M®4 

2130 PRINT TAB(3)"LSB"; 

2140 PRINT TAB(9)"USB"f 
2150 PRINT TAB(15)"AM"? 

2160 PRINT TAB(21)"CW"; 

2170 PRINT TAB(27)"FM" 

2172 PRINT 

2175 INPUT " ENTER MODEs ";M* 

2180 IF M*®"LSB" THEN M®00 
2190 IF M*®"USB" THEN M®01 
2200 IF M*="AM" THEN M=02 
2210 IF M*="CW M THEN M=03 
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2220 IF M*=”FM" THEN M=05 
2230 IF M=4 GOTO 20B0 

2240 PR-INT.*2, CHR*(254)+CHR*(254)+CHR* (4)+CHR* (242) ; 
2250 PRINT#2,CHR*(06)+CHR*(M)+CHR*(253) 

2260 GOSUB 8700:REM VERIFY DATA 
2270 CLOSE 2 
2280 GOTO 600 

3000 REM ******************* 

3010 REM * SET VFO * 

3020 REM * CONTROL CODE 07 * 

3030 REM ******************* 

3040 REM 
3050 CLOSE 2 

3060 OPEN 2,2,0,CHR*(B)+CHR*(17) 

3120 GOSUB 8500 :REM CLEAR SCREEN 

3130 FOR X=sl TO 10 

3140 PRINT 

3150 NEXT X 

3160 V—2 

* 3170 INPUT " ENTER VFO A OR B”?V* 

3180 IF V*="B” THEN LET V=1 
3190 IF V*=“A" THEN LET V=0 
3200 IF V=2 THEN GOTO 3000 

3210 PRINT#2,CHR*<254)+CHR*<254)+CHR*(4)+CHR*.(241): 
3220 PRINT#2,CHR*(07)+CHR*(V)+CHR* < 253) 

3230 GOSUB B700:REM VERIFY DATA 
3240 CLOSE 2 
3250 GOTO 600 

4000 REM *******ttttttttttttttttttt 

4010 REM * DISPLAY MEMORY CHANNEL * 

4020 REM * CONTROL CODE 08 * 

4030 REM ************************** 

4040 REM 
4050 CLOSE 2 

4060 OPEN 2,2,0,CHR*(8)+CHR*(17) 

4080 GOSUB 8500 :REM CLEAR SCREEN 
4090 FOR X=1 TO 10 
4100 PRINT 
4110 NEXT X 

4130 INPUT " DISPLAY WHICH CHANNEL ”?F 

4150 IF F<=12 AND F>=1 THEN GOTO 4265 

4160 PRINT M CHANNEL SELECTED IS NOT AVAILABLE” 

4165 PRINT " ON IC-735. TRY AGAIN. ” 

4170 FOR X=1 TO 2500: NEXT X 
4180 GOTO 4080 

4265 GOSUB 8900:REM HEX CONVERSION 

4270 PRINT#2,CHR*(254)+CHR*(254)+CHR*(4)+CHR*(241); 
4280 PRINT#2,CHR*(08)+CHR* < T)+CHR*(253) 

4290 PRINT#2,CHR*(254)+CHR*(254)+CHR*(4)+CHR* (241)5 
4300 PRINT#2,CHR*(08)+CHR*<253) 

4310 GOSUB B700:REM VERIFY DATA 
4320 CLOSE 2 

4330 GOTO 600 

5000 REM ttttttttttttttttttt 

5010 REM * STORE TO MEMORY * 

5020 REM * CONTROL CODE 09 * 

5030 REM ttttttttttttttttttt 
5040 REM 
5050 CLOSE 2 

5060 OPEN 2,2,0,CHR$(8)+CHR*(17) 

5120 GOSUB 8500 :REM CLEAR SCREEN 

5170 PRINT#2,CHR*(254)+CHR*(254)+CHR*(4)+CHR*(241)? 
51BO PRINT#2,CHR*(09)+CHR* <253) 

51B5 FOR X=1 * TO 10:PRINT:NEXT X 
5190 GOSUB 8700:REM VERIFY DATA 
5200 CLOSE 2 
5210 GOTO 600 

6000 REM ********************** 

6010 REM * FROM MEMORY TO VFO * 

6020 REM * CONTROL CODE 10 * 

6030 REM ********************** 

6040 REM 
6050 CLOSE 2 

6060 OPEN 2,2,0,CHR*(8)+CHR*<17) 



SSB ELECTRONIC TRANSVERTERS & PREAMPS 

LT02S 14*1/28 Xvrtf 20w GAASFH DRM T8A 

LT33S 902/144 Xvrtr 6W GAASfTt $499 

l T23S 1 296.' 144 Xvltt 10W GAASf £ 1 $$49 

MICRO 13 2304/144 Xvm 0 $W GAASFET $399 

MICRO x 10384/144 Xvlt 0 2W GAASFU $549 

0X144 144 Preamp (1 IcJti nt 2B«1t» gam $129 

0X432$ 432 Preamp 0 5db nl 20iib gam $1/9 

0X902$ 902 Preamp 0 Sd|i nl 23tih gain $189 

OX 129$ 1296 Preamp 0 5db nf ?3np pain $ 189 

0X2320$ 730-1 Preamp 0 8db nt 16db qam $189 

MVI44S 01 144 Swvcltit Preamp 0 5<1U nf 

25ilb q.itn $199 

MV432S 01 432 Swciiil Preamp 0 5dt> nl 

25Ub oatn SI99 

MV90Z-S 902 Swm Preamp 1 Mb nl 

16iU) qam S2I9 

MV 1296 S 1790 Swchd Preamp 1 Mb 1 Mb nt 

16<i0 Ham S? 19 

DCW15A Scttuencet for MV senes Preamps S69 

HF 400 Hiijh Power Relay, 144 ?KW. 43? 1KWS? 19 

1220/26 220 MM/ ttansverler. 

28 or 50 IF 15W S?20 

PA23200 1296 MH/ water cooldcU PA. 

2 liibo, 200W 4 S275 

ALSO AVAILABLE MICROWAVE MOQULES. EME ELECTRONIC 
TRANSVERTERS UNLIMITED HANS PETERS (VE3CRU) 


BOX 6286 STATION A 
TORONTO. ONTARIO 
CANADA M5W 1P3 


( 410 ) 759 556 ? 
EVENINGS 


OPPORTUNITY 

Established ethical ten year-old mail-order business lor 
sale Instant name/loqo recognition and excellent repu¬ 
tation worldwide. Ideal for technically competent amateur 
seeking satisfying career either as substitute lor present 
employment or as a retirement business. Minimum over¬ 
head expanse and significant small-business tax advan¬ 
tages. Can be carried on horn a home anywhere as a 
'mom and pop" closely-held corporation (as it is at 
present) or expanded to any extent desired. Combines 
present hobby with a proven source ol income—an ideal 
combination Insignificant competition, the principal sales 
item is in constant demand worldwide lor use in all ham 
rigs, old and new, factory*made or “home-brew’*. No 
manufacturing, inventory, or storage problems, the 
physically-small principal item is obtained from an as¬ 
sured source—the top-rated manufacturer of this spe¬ 
ciality in Japan Additional opportunities to expand ap¬ 
plications and profits through R & D are limited only by 
initiative, imagination, and technical competence 

Monthly sales averaging S10,000 for the Inst three years 
have provided reasonable salaries and good dividends 
because of generous profit margins and legitimate tax 
allowances for home-office rental, pro-rata car operating 
expense, ham and office equipment depreciation, etc 
Easy ownership transfer without interruption ol cash How. 
“Hand-holding** is available during transition 

Detailed information will he seniority fo (hose judged 
to have the best chance ol success. Accordingly, serious 
inquirers should write giving biographical data including 
age, education, technical background, and experience 
Box 498 

Greenville. NH 030*18 






NO TUNERS! 
NO RAOfALS! 
NO RESISTORS! 
NO COMPROMISE! 


THREE EXCELLENT REVIEWS |UST 
DON'T HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 


BILAL COMPANY 

5.K. 2. Bmf»2. Dcpl. 2 
I mini. Ok. 74 142 (‘MM 25.1-4094 
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CALLBOOKS 
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The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Callbook lists the calls, 
names, and address Information for licensed 
amateurs In all countries from Canada to 
Panama including Greenland, Bermuda, and 
the Caribbean Islands plus Hawaii and the 
U.S. Possessions. 

The international Callbook lists the 
amateurs In countries outside North 
America. Coverage includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement Is a new Idea 
in Callbook updates; It lists the activity in 
both the North American and international 
Callbooks. Published June l, 1987, this 
Supplement will include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 

inch shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

□ International Callbook 

incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

Incl. shipping within USA $13.00 

Incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

Incl. shipping within USA $53.00 

incl. shipping to foreign countries 58.00 

************ 

Illinois residents please add 6 Vj% tax. 

All payments must be In U.S. funds. 


RADIO AMATEUR III I 

callbook inc 

Dept. F 

jajLgT 925 Sherwood Or., Box 247 
*5^*^ Lake Bluff, IL 60044, USA 


Teh {312) 234-6600 


6150 

6170 

6175 

6180 

6190 

6200 

6210 

7000 

7010 

7020 

7030 

7040 

7061 

7062 
7115 
7120 
7130 
7140 
7240 
7250 
7260 
7262 
7265 
7275 
7280 
7204 

7286 

7287 
7290 
7305 
7310 
8000 
8010 
8020 
8030 
8040 

8045 

8046 

8047 
8060 
8070 
8100 
8110 
8120 
8130 
8140 
8150 
8155 
8160 
B170 
8180 
8190 
8200 
8220 
8230 
8240 
8250 
8260 
8270 
8500 
8510 
8520 
8530 
8540 
8600 
8606 
8608 

8609 

8610 
8614 
8616 
8620 
8622 
8623 
B624 
8626 
8627 


GOSUB 8500 t REM CLEAR SCREEN 

PRINT#2,CHR*(254 > +CHR* <254> +CHR*< 4 > +CHR*(241> 5 
PR INT#2,CHR*(10 > +CHR *( 253 > 

FDR X*= 1 TO 10s PRINT: NEXT X 
GOSUB 8700;REM VERIFY DATA 
CLOSE 2 
GOTO 600 

REM timtlMMtlttttMtmttltt 

REM * SYSTEM MONITOR * 

REM * CONTROLL CODES 03 AND 04 t 

REM **************************** 

REM 

CLOSE 2 

OPEN 2 f 2,0,CHR*(8)+CHR*(17) 

GOSUB 8500:REM CLEAR SCREEN 

FOR X »1 TO 10 

PRINT 

NEXT X 

M“3 

PRINT#2,CHR*(254> +CHR*<254)+CHR*(4)+CHR*(241> j 
PRINT#2,CHR*(3)+CHR*(253) 

GOSUB 8700:REM GET DATA 
GOSUB 8600:REM RESULTS 
CLOSE 2 

OPEN 2,2,0,CHR*(B> +CHR*(17> 

^ ** 

PRINT#2,CHR*(254)+CHR*(254>+CHR*(4 > +CHR*( 1 > +CHR*(4 > +CHR*(253) 

GOSUB 8700:REM GET DATA 

GOSUB 8626:REM RESULTS 

CLOSE 2 

RETURN 

REM-SOFT KEYS- 

REM 

PRINT CHR*(18) 

PRINT CHR*(154) 

PRINT CHR*(19) 

PRINT 

PRINT 

PRINT 

REM PRINT TAB(33)"SYSTEM "; 

REM PRINT TAB (73) "MONITOR** 

PRINT 

PRINT TAB(33)" 

PRINT TAB(73)" "5 

PRINT TAB(30)"F3-MENU" 

PRINT 

PRINT 

PRINT 

PRINT 

PRINT TAB(30)"F5-SYSTEM"; 

PRINT TAB(70)" STATUS " 

PRINT 

PRINT 

PRINT 

PRINT TAB(30)"F7-PROGRAM": 

PRINT TAB(71>" EXIT " 

PRINT CHR*(146):PRINT CHR*(30) 

RETURN 

REM 

REM - CLEAR SCREEN - 

REM 

PRINT CHR*(19) 

PRINT CHR*(147) 

RETURN 

REM-RESULTS -- 

FOR X=1 TO 15 

IF K(X > =253 THEN GOTO 8610 

NEXT X 

PRINT "FREQUENCY:": 

FOR Y= X-1 TO 6 STEP -1 
F=K(Y)/16 

PRINT INT(F)TAB(0) (F-INT(F))* 16? 

NEXT Y 
PRINT 
RETURN 
M*«" " 

PRINT 


CLEAR SCREEN 
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0628 

0630 

8632 

8634 

8636 

8638 

8640 

8642 

0643 

8644 

8646 

8648 

8650 

8660 

8700 

8702 

8704 

8706 

8710 

8725 

8727 

8730 

8735 

8740 

B745 

8750 

8755 

8760 

8770 

8785 

8790 

8900 

8902 

8904 

8906 

8908 

8910 

8912 

8914 

8916 

8918 

8920 

8922 

8924 

8925 

8926 
8928 
8930 
8932 
8934 
8938 
8940 
B950 
9500 
9505 
9510 
9515 
9520 
9525 
9530 
9535 
9540 
9545 
9550 
9555 
9560 
9565 
9900 
9910 
9920 
9930 


PRINT "MODE: 

IF K (5) =00 THEN M*="LOWER SIDE—BAND'* 

IF K (5) =01 THEN M*="UPPER SIDE-BAND'* 

IF K(5)=02 THEN M*°"AM" 

IF K (5) =03 THEN M$="CW" 

IF K(5)=05 THEN M*="FM" 

IF M*= M " THEN GOTO 9500:R£M ERROR ROUTINE 
PRINT M* 

PRINT 

PRINT "PRESS RETURN TO CONTINUE" 

GET K< 

IF K« >CHR* < 13) THEN GOTO 8646 
CLOSE 2 
GOTO 600 

REM-VERIFV/GET DATA- 

GET#2,D* 

IF D*="" GOTO B702 
FOR D“1 TO 15 
GET#2,D* 

K<D)=ASC(D*+CHRS < 0 )) 

LET E—K <D) 

SR=ST 

IF SR AND 247>0 GOTO 9500 

IF E=251 THEN PRINT " CHANGE ACCEPTED":REM VALID DATA 
IF E=253 THEN LET D=15:REM POST AMBLE 
IF E=250 THEN GOTO 9500:REM INVALID DATA 
IF E=252 THEN GOTO 9500:REM DATA COLLISION 
NEXT D 

FOR X-l TO 2500;NEXT X 

RETURN 

REM 

REM-HEX CONVERSION- 

REM F IS BROUGHT IN 
F=F+.000001 
T=INT(F) 

IF T>=10 THEN GOTO 8938 
F»(F—T)* 10 
U=(INT(F))*16 
F«(F-INT(F)> *10 
U=U+1NT <F) 

F—(F—I NT(F))*10 
V*(INT(F))*16 
F»(F-INT <F)>*10 
V=V+INT (F) 

Fa(F-T)* 10 

Fa(F-INT(F)>*10 

Wa(lNT(F))* 16 

F=(F-INT(F)>*10 

W=W+F 

RETURN 

T«(T—(INT <T/10))* 10) + <16*INT(T/10)) 

Fa(F-INT(F)>*10 
GOTO 8912 

REM - ERROR PROCESS - 

PRINT " STATUS ERROR "SR AND 255 

IF SR AND 2=2 THEN PRINT " FRAMING ERROR" 

IF SR AND 4=4 THEN PRINT " RECEIVER BUFFER OVERRUN" 

IF E-250 THEN PRINT" RADIO DETECTED BAD DATA" 

IF E=252 THEN PRINT" DATA COLLISION DETECTED." 


IF E-250 THEN PRINT" RADIO DE 

IF E=252 THEN PRINT" DATA COL 

PRINT:PRINT 
PRINT " PRESS FI TO RESTART" 

PRINT " PRESS F7 TO EXIT PROGRAM" 

GET A* 

IF A*="" THEN GOTO 9545 
IF A*OCHR*(133> THEN GOTO 9910 
CLOSE 2 
GOTO 600 

REM-- PROGRAM EXIT - 

GOSUB 8500 
CLOSE 2 
END 


Generate 
k Your Own 
iL Electricity 



H undreds ot jj 

sailed owners 

ate row using me WlNDSTREAM* WIND ™ 

GENERATOR to provide power for RVs weekend 
cottages. Peats. wo/ksfmps remote locations, emer- 
gency back up power and much more 

Portable.weighs only 20 lbs - easily installed with our 

comprehensive installation manual- - minimum mainten¬ 
ance-lull warranty 

Therm ax Corporation HM 3 

One Mill St, Burlington, Vt 05401 802-658-1098 



SYNTHESIZED 

SIGNAL GENERATOR 


MADE IN 
USA 



MODEL 

S6-100F 

$429.95 

delivered 


• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy +/- 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out¬ 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc @ x h Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu¬ 
tion, AM, and a precision 120 dB attenuator 

• Call or write for details • Phone in your 
order for fast COD shipment. 

VANGUARD LABS 

196-23 Jamaica Ave., Hollis, NY 11423 
Phone: (718) 468-2720 Mon, thru Thu. 



READY. 


^ CADDELL ^ 
COIL CORP. ^ 


35 Main Street 
Poultney, VT 05764 
802-287-4055 


BALUNS 

Get POWER to your antenna! Our Baiuns are 
already wound and ready for installation in your 
transmatch or you may enclose them in a 
weatherproof bo* and connect them directly at 
the antenna. They are designed for 3-30 MHz op¬ 
eration. (See A RRl Handbook pages 19-9 or 
6-20 for construction details.) 

100 Wail (4; 1.6 1 , 0 : 1 . of 1 t Impodence—a*l&ct one) 510.50 

Uniweraal Trnn (match 1 KW{4:1 Impcdenc#) 14.50 

Universal Tnmamftlch 2 KW(4 1 Impudence) 17.00 

Universal Iransmatcli I KW jt: 1, t:I,(M 1:1 -Mlecl Oiui) 16,00 

Umv<rnM»ITr*n*jnalch?KW(6:1.9:1.ot 1:1—selnd one) 10,50 

Please send largo SASE lor into 
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USER 

IC-7S5 PORT 



fig. 2. One pull-up resistor and several leads comprise total 
interface hardware requirements. 



fig. 3. IC-735 data word format. 


functional control block encountered by the program. 
It, like those that follow, begins by closing and reopen¬ 
ing the user port and clearing the screen. Lines 1150 
through 1200 prompt the user for a new frequency. 
Line 1290 calls a subroutine beginning at line 8900 
that converts the user input value to a hexadecimal 
format as required by the IC-735. On return from the 
subroutine, the hexadecimal representation of the new 
frequency is stored in variables T, U, V, and W, with 
T having the most significant digit and W the least. 
Figure 4 gives the basic format of the data word. The 
IC-735 recognizes a hex "FD" (253) as the final charac¬ 
ter in the data stream and responds by returning its 
own data stream with either a valid data character or 
an invalid data character embedded. To verify the ac¬ 
ceptance of the sent data, the program calls a subrou¬ 
tine at line 8700 which isolates the check character 
and validates the data. This subroutine tests for data 
collisions between rigs, incorrect data transmissions, 
C-64 buffer overflow, and framing errors. If the data 
is acceptable, the program returns from the subrou¬ 
tine. Otherwise, it branches to line 9500, which iden¬ 
tifies the error and gives the operator the option of 
continuing or ending the program. 

mode control 

Port control, data conversion and error checking are 
performed here and in the following functions in the 
same manner as in the frequency selection function. 


The block of code beginning at line 2000 prompts the 
user for the desired operating mode and sets the trans¬ 
ceiver accordingly. The acceptable modes are USB, 
LSB, a-m, fm, and CW. 

VFO control 

VFO control is performed by the block of code be¬ 
ginning at line 3000. The user is prompted to select 
the desired VFO, which is changed to a number, in¬ 
serted into the character string, and printed to the 
Commodore's user port. 

memory recall 

Memory channel control is performed in the block 
beginning at line 4000. After the screen is cleared and 
the user port opened, the operator is prompted to se¬ 
lect the desired memory channel. If the channel num¬ 
ber selected is outside the bounds of the IC-735, the 
screen is cleared and the operator re-prompted for a 
correct channel number. The IC-735 is then pro¬ 
grammed for memory mode and the character string 
to recall the selected channel sent after the channel 
number has been converted to its hexadecimal equiva¬ 
lent. It is important to remember that any data sent 
to the serial bus must be in hexadecimal format . 

memory store 

Storing the present transceiver frequency and mode 
into the displayed memory channel is performed in the 
code beginning at line 5000. This section requires no 
input from the operator because the current configu¬ 
ration of the rig is stored in the displayed memory 
channel automatically. 

VFO programming 

VFO programming is performed in the code begin¬ 
ning at line 6000. This section stores the transceiver's 
present mode and frequency into the last displayed 
VFO memory. 

radio configuration 

The transceiver's current frequency and mode is de¬ 
termined starting at line 7000. A character string with 
control codes 3 and 4 is sent to the rig. The transceiv¬ 
er responds by returning the current frequency and 
mode, which are decoded and printed to the moni¬ 
tor. Control is returned to the main menu after data 
has been verified. 

subroutines 

Housekeeping and support subroutines begin after 
line 8000. Line 8000 begins a subroutine to provide 
visible "soft-keys” on the monitor screen. The legends 
on these "keys” correspond to the functions availa¬ 
ble on the Commodore "F" keys. Line 8500 begins 
a "clear screen" subroutine. Line 8600 starts a subrou- 
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K.V.G. 

CRYSTAL 

PRODUCTS 




'W 


n 
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9 MHz CRYSTAL FILTERS 


MODEL 

Appli¬ 

cation 

Band¬ 

width 

Polos 

Prico 

XF 9A 

SSB 

24 kHz 

5 

$53 15 

XF-9B 

SS8 

2 4 kHz 

8 

72 05 

XF-9B-01 

L$B 

2 4 kHz 

8 

95.90 

XF-9B-02 

USB 

24 kHz 

8 

95 90 

XF-9B-I0 

SSB 

2 4 kHz 

10 

125.65 

XF 9C 

AM 

3.75 khz 

B 

77 40 

XF-9D 

AM 

50 kHz 

8 

77 40 

XF 9E 

FM 

12.0 kHz 

8 

77 40 

XF-9M 

CW 

500 Hz 

4 

54 10 

XF-9NB 

cw 

500 Hz 

8 

95 90 

XF-9P 

CW 

250 Hz 

8 

1S1 20 

XF-910 

IF notso 

15 kHz. 

2 

17 ib 


10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Inviled Shipping $3 75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on olhor VHF or UHF bonds 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 


MMk 169 M3? 269 95 

MMk 1296 144G 189 95 

MMc 439 AT V 94 95 

MMc 432-28TS) 69.95 

MMc 144-281 HP) 74 95 

MMc 144-28 54 95 


MMl 

MM< 

MMl 

MMl 

MMl 

MMl 


1296 1440 
1268 144 
432 28|S) 
14428(H) 
144-28 
435-28IS) 


LINEAR POWER AMPLIFIERS 


2M 

MML 

MML 

MML 

MML 

MML 


144-30-LS 
144-50S 
144-100-S 
144-100-LS 
144 200-S 


144 95 
129 95 
224 95 
249 95 
439 95 


70c?n 

MML 432-30-L 
MML 432-50 
MML 432-100 


369 95 
289 95 
289 95 
349 95 
189 95 
299 95 


21995 
229 95 
439 95 



ANTENNAS 

2M "K ^ ^ 

I0XY 2M SM 95 LOOP YAGlS 

?0cm 1268-LY $49 

70/MBM28 $44 95 1296-LY 49 

7O/MBM40 64 95 169J-LY 59 

70IMBMB8 94 95 ordm loop vii(I , conn0 c|or exh 

PY20 900 MHz 79 95 P y 9 

Send 66f (3 s,l.imps) for lull details ot all eui VHf A UHF equipments and KVG crysiai 
produce 

Shipping FOB Ccmcoid. Mass mmm 
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LOOP YAGlS 

1268-LY $4995 

1296-LY 49 95 

1691-LY 59 95 

order loop yagi connector extra 
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}*:• (617)263-2145 
| ? SPECTRUM 
TERNATIONAL, INC. 
Post Office Box 1084 
irrlMA 01742, U.S.A. 


BASEBALL CAP 

How about an attractive BASEBALL style cap 
that has name and call on it It gives a 
jaunty air when worn at Hamlests and it is 
a great help loi Iriends who have never 
met to spot names and calls lor easy 
recognition Great tor birthdays, mmi 
saries. special days, whatever occasion A 
Hals come in Ihe following colors JM 

GOLD BLUE, RED KELLY GREEN M 

Please send call and name 
(maximum6 tellers per (me) piMi,y^ 

UFBC-81 $6.00 Ui»i| 




ham.- 

BOOKSTORE 

Greenville, NH 
03048 

Please add $3.50 
for shipping 
and handling 


LO.BADGES 

No ham should be without an t 0 badge 
It s |ust the thing lor club meetings, 
conventions, and get-togethers and you have a 
wide choice ol colors Have your name and call en¬ 
graved in eimer standard or script type on 
one ot these plastic laminated 10 badges 
Available in the following color combinations 
(badge/fetrermgj w htie/red, wood- 
gfam/white. biue/whitc, while/black, 
yellow/blue, red/while, green/white metallic 
gotd/bfack. metallic stlver/black 
iUID Engraved I D Badge S2.50 


tine that interprets data received from the transceiver 
in response to control codes 3 and 4. It calculates the 
frequency and mode from the data and prints the 
results. The subroutine at line 8700 checks the incom¬ 
ing variable length data stream for validity and sets 
error flags accordingly. The subroutine at line 8900 
converts a decimal number to its hexadecimal equiva¬ 
lent. Error handling is performed by the subroutine at 
line 9500. Data failures for the IC-735 and Commo¬ 
dore are identified and the user is given the option of 
continuing or exiting the program. 

summary 

The hardware for this project is very simple: just an 
ordinary resistor. The software, though complex in ap¬ 
pearance, is also quite simple. It provides the casual 
user the basic operational capability of an automated 
station. An experienced programmer can use the ideas 
presented here in more sophisticated applications or 
hang "bells and whistles" on the existing code. The 
possibilities are virtually unlimited. Automated control 
of Amateur equipment is the wave of the future. This 
little project is just one of the ripples. 

ham radio 


LOW BAND DX-ING 
COMPUTER PROGRAMS 

by John Devoldere, ON4UN 
for Apple II, MS-DOS, 

Commodore C-128 and 
Kaypro CPM Computers 

Here’s a collection of 30 super programs written 
by ON4UN. Just about every interest or need is 
covered-from antenna design and optimization 
to general operating programs. Antenna pro¬ 
grams include: shunt and series input L network 
design, feedline transformer, shunt network 
design, SWR calculation, plus 11 morel General 
Ham programs include: sunrise/sunset, great 
circle distances, grayline, vertical antenna de¬ 
sign program, sunrise calendar plus 9 more! 
Phew. When you sit down to use these programs 
you’ll be amazed at what you have. Super value 
at a super low price. The best value in computer 
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the ubiquitous diode: 
part 2 

Last month's column discussed the 
electrical and mechanical properties of 
solid-state diodes, with emphasis on 
the most important parameters. 1 

This month we'll focus on specific 
applications using solid-state diodes, 
emphasizing circuitry and how to se¬ 
lect the right diode for each particular 
application. Some of the applications 
we'll cover are rectifiers/detectors, 
regulators, mixers, switches, limiters, 
tuning elements, multipliers, oscilla¬ 
tors, and optical devices. 

simple diode applications 

VHF/UHFers seldom give adequate 
notice to the use and abuse of low- 
frequency diodes. They forget that the 
diodes in a power supply or dc protec¬ 
tion scheme are often just as important 
to system reliability and performance 
as the VHF/UHF diodes in rf circuits. 

For instance, it makes little sense to 
use vacuum tube rectifiers, which 
generate rf noise and have a very short 
lifetime when compared with properly 
installed solid-state rectifiers. Further¬ 
more, solid-state diodes are instantly 
ready to operate; no warm-up time is 
required. This is particularly important 
in bias supplies for high-power vacu¬ 
um tube amplifiers where you need to 
have proper bias applied before ener¬ 


gizing the high voltage. 

While on the subject of high-voltage 
rectifiers, the economy and reliability 
of a single packaged unit is recom¬ 
mended.* Using strings of diodes, 
resistors, and capacitors for high- 
voltage rectifiers is an open invitation 
to failure and is really no longer cost- 
effective. I can attest to this because 
I once used such arrangements before 
complete packaged units were 
available. 

Before leaving dc applications, don't 
forget the lowly "idiot diode." If you 
leave it out you are an idiot. 2 Idiot di¬ 
odes are used to prevent connecting 
the dc power with reverse polarity to 
a solid-state circuit. Few solid-state 
devices will survive such an accident. 

Some typical reverse protection cir¬ 
cuits are shown in fig. 1. The circuit 
in fig. 1A is by far the most common, 2 
but will induce an additional voltage 
drop of approximately 0.7 volts, which 
may be unacceptable, especially in 
power amplifier applications. 3 The cir¬ 
cuit illustrated in fig. IB eliminates the 
voltage drop problem. However, using 
a small signal type diode in this circuit 
may still cause burnout if the circuit is 
improperly powered. Forward current 
in this circuit is limited only by the sup¬ 
ply and the diode resistance. There¬ 
fore, its protection effectiveness 
decreases if the power supply current 


capability is higher than the diode can 
handle. 

The circuits illustrated in figs. 1C 
and ID are recommended to prevent 
idiot diode burnout. They can be used 
with small signal diodes if the voltage 
drop across the series resistor is ac¬ 
ceptable. This is often acceptable, es¬ 
pecially when using low-voltage 
devices such as GaAsFETs, 4 Typically 
50 to 100 ohms of series resistance is 
sufficient. 

However, some diodes, especially 
high-speed types or those designed for 
use in computers, are fast enough to 
respond to hf signals. Any rf coupled 
into the power supply line, especially 
from a local hf transmitter, can be rec¬ 
tified by the idiot diode and increase 
the circuit voltage above that from the 
supply alone. 5 * 6 Therefore a large 
( 0.01 to 0.1 mF typical) bypass capaci¬ 
tor at the power supply input terminals 
is recommended to bypass any rf be¬ 
fore it reaches the idiot diode. 

Low-frequency diodes are also used 
to bypass relay coils (fig. IE). This di¬ 
ode, which Amateurs often leave out, 
is recommended because the transient 
induced by the de-energizing of a sim¬ 
ple T/R relay can cause large voltage 
spikes to appear on power supply 
lines. 

Therefore, never connect solid-state 
circuits , especially those used for low- 



March 1987 


55 














INPUT 
VOLTAGE 
O - 



TO CIRCUIT 

--O 



rh 




INPUT 

VOLTAGE 

O-- 


TO CIRCUIT 



© 


Vi. 

iNPU T 
VOLTAGE 
CV- 


f . .AAA-*■ 


TO CIRCUIT 
..O 


rh 


® 


INPUT 
VOL TAGE 


♦ --vw— ♦ 


ro CIRCUIT 

-o 


rh 


rh 



SUPPLY 

voltage 



\ T/R SWITCH 


rh 



noise amplifiers , to a power supply 
that is also used to supply a relay. This 
is an open invitation to disaster be¬ 
cause the voltage spikes generated by 
opening a relay coil can destroy other 
circuits connected to the same power 
supply* 

The zener is another diode popular 
with VHF/UHFers. Actually, this type 
of diode is working in a normally for¬ 
bidden mode — in the reverse biased 
or avalanche region. By careful manu¬ 
facturing control, the breakdown volt¬ 
age of the zener is predetermined 
along with the series resistance of the 
diode. The heat dissipation in the junc¬ 
tion must also be removed so that 
thermal runaway or junction burnout 
does not occur. 

A zener diode makes a reasonable 
voltage regulator or limiter with a sta¬ 
ble breakdown voltage within a speci- 


fig. 1, Typical solid-state reverse power 
supply protection circuits. In all circuits 
Cg is a 0.01 to 0.1 fiF ceramic disc 
capacitor as recommended and 
described in the text. (See text for 
recommended protection diode types.) 
(A) is most common where the extra 
voltage drop is not important; (B) is 
used where no supply voltage drop is 
permitted. (C) is recommended for 
extra protection; (D) is used for extra 
shunt protection. |E) uses a reverse 
polarized diode across all relay coils to 
reduce inductive spike generation and 
(F) use a three-terminal regulator with 
two additional protection diodes to 
prevent regulator burnout. In (G) zener 
diodes should always be bypassed to 
decrease low-frequency noise. A 10 n F 
or greater solid tantalum capacitor is 
recommended. 
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fied current range. Zeners should be 
used with care, however, especially as 
voltage regulators for oscillators, be¬ 
cause they generate broadband low- 
frequency noise in the avalanche 
mode. 

If you use a zener in an oscillator cir¬ 
cuit, be sure to provide adequate low- 
frequency bypassing such as a high- 
value (10 to 100 p F) bypass capacitor 
(fig. 1G). Personally, I prefer to use 
the newer three-terminal voltage regu¬ 
lators rather than zeners because they 
are quieter and usually have a wider 
regulation range versus output current 
than most zeners. 4 

Finally, it has been shown that un¬ 
der certain operational conditions a 
three-terminal voltage regulator can be 
damaged. The addition of two extra di¬ 
odes around the regulator is suggest¬ 
ed (fig. IF). 4 

rf detectors 

One of the first major VHF-and- 
above applications of solid-state di¬ 
odes was as rf detectors. This appli¬ 
cation, which dates back to the "good 
old a-m days," is still quite prevalent, 
especially as the detector in police ra¬ 
dar! Rf detector diodes are also wide¬ 
ly used today in VSWR and rf power 
meter applications. 

Good rf detector diodes can be quite 
sensitive. The lowly point contact di¬ 
ode can detect rf below -60 dBm (200 
microvolts rms in a 50-ohm system). 1 
However, this will probably require 
some additional amplification at the 
output of the detector. At somewhat 
higher rf input levels (greater than -10 
dBm or 70 millivolts), this same diode 
can directly drive a microammeter for 
power measurements. 

Some typical rf detector circuits are 
shown in fig. 2. Figure 2A shows an 
optimized detector with an input 
matching network. Most detector di¬ 
odes have a high input impedance. 
Therefore, the circuit in fig. 2A may 
exhibit narrow bandwidth. 

If wide bandwidth is desired, the 
simple circuit in fig. 2B is usually 
used. 7 . It has lower sensitivity than a 
matched detector, but this is easily 
traded off for the wider bandwidth 
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fig. 2. Typical diode detector circuits. 
(See text for recommended diode 
types.) In all cases C B is an rf bypass 
capacitor. A feedthrough type 0.001 /xF 
capacitor is recommended. R L is the 
video load (10k ohms typical). 

(A) is recommended in narrowband 
applications where maximum detector 
sensitivity is desired. (6) shows a 
simple broadband detector. The 50-ohm 
resistor should have good rf charac¬ 
teristics. (C) illustrates a method for 
using the circuit shown in fig. 2B for 
power detection with a meter; (D) 
shows a method for increasing the sen¬ 
sitivity of an HCD by applying an 
external bias voltage. C c is a dc block¬ 
ing capacitor and R B is the dc biasing 
current resistor es explained in the 
text. 


capabilities. If a meter is added in se¬ 
ries with the detector output load (fig. 
2C), a detector can be used directly as 
a power meter over a wide frequency 
range. 

Before designing a detector, it is im¬ 
portant to compare the various types 
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fig. 3. Typical output voltages for different types of detector diodes versus rf input 
power level into a 10-k load resistor using the circuit shown in fig. 2A. 


of diodes that were mentioned in refer¬ 
ence 1. The most common detector 
types are the point contact, the silicon 
junction, and the Schottky or hot car¬ 
rier diode (HCD). 

The point contact diode, the first 
sensitive solid-state detector diode, 
was followed by the much less sensi¬ 
tive junction diode in the late 1950s. 
First introduced in the 1960s, the HCD 
is 20 to 30 dB less sensitive than a typi¬ 


cal point contact diode. However, the 
HCD is still more sensitive than the 
typical silicon junction diodes because 
it has a lower barrier voltage. 1 

In the mid-1970s, the zero-bias HCD 
was developed. It has a very low bar¬ 
rier voltage, making it an ideal small 
signal detector. Typical input-versus- 
output voltages for the types of detec¬ 
tor diodes just discussed are illustrat¬ 
ed in fig. 3. 
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Note in fig. 3 that below about - 20 
dBm (22 millivolts) most detector di¬ 
odes have what is called a "square 
law" region where the output or de¬ 
tected voltage doubles each time the 
input power is doubled. However, 
above -10 dBm (70 millivolts) most de¬ 
tector diodes have a detected output 







voltage that is a linear function of the 
input power level. In between these rf 
levels is a very nonlinear region where 
compression takes place. 

Nowadays, the low- to medium- 
barrier voltage HCD is usually preferred 
for detector applications. However, to 
make it competitive in dynamic range 
and sensitivity with point contact 
diodes, the barrier voltage must be 
overcome. This can be accomplished 
easily with a small amount (5 to 20 
microamperes) of forward bias current 
applied as shown in fig. 2D. 

Properly biased, the HCD offers 
greater forward conductivity (more 
output voltage for a given input pow¬ 
er level), almost zero recovery time, 
and low cost. Furthermore, HCDs 
usually have a better impedance match 
than other types of diodes. They have 
vast/y lower microphonics than other 
types of detector diodes. HCDs also 
have less flicker or 1/f noise, a 
phenomenon in which the noise figure 
of a device increases with decreasing 
frequency, especially below 10 kHz. 
Point contact diodes are very noisy 
and therefore unsuitable for radar ap¬ 
plications, in which the information 
returned is in the very low or subaudi- 
ble frequency range. 


Some precautions must be observed 
with HCDs. They normally have a low 
peak reverse breakdown voltage as 
discussed in reference 1. When a 
higher reverse breakdown voltage (15 
to 75 volts) is required, a "guard ring" 
structure must be added internally to 
the diode chip by the manufacturer. 
However, this increases junction ca¬ 
pacitance and thus decreases the up¬ 
per frequency limits of operation. 1 

tunnel diodes 

One diode that I didn't mention 
previously, but is often used for rf de¬ 
tectors, is the tunnel diode, sometimes 
referred to as the Esaki diode after its 
inventor. Dr. Leo Esaki, who discov¬ 
ered the effect in 1959. It's also re¬ 
ferred to as a "back" diode because 
its main current flow is in the back 
biased rather than the forward biased 
direction. It has high sensitivity at very 
low rf input levels, utilizing the quan¬ 
tum mechanical tunneling Effect. 

Tunnel diodes may be manufactured 
using different semiconductor materi¬ 
als such as germanium, silicon, or gal¬ 
lium arsenide, depending on the fre¬ 
quency range desired. The main draw¬ 
backs of tunnel diodes are difficulty of 
manufacture (because they require a 
highly doped alloy junction), a lower 
burnout level, and a narrow dynamic 
range, typically only 40 dB, as opposed 
to 60 or more dB for a good point con¬ 
tact or zero bias hot carrier type diode 
(fig. 3). 

mixers 

Frequency conversion or mixing is 
the process which converts a signal at 
a low power level from one frequency 
to another by combining it with a 
higher level signal such as the local os¬ 
cillator (LO) in a nonlinear device such 
as a mixer diode. In theory, this mixer 
diode generates an infinite number of 
sum and difference frequencies called 
the i-f or intermediate frequency as 
well as harmonics of the input and lo¬ 
cal oscillator frequency. 

In practice, only a small portion of 
the available rf signal power is convert¬ 
ed to the i-f. This ratio of signal level 
to i-f power is referred to as conver - 
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fig. 4. Some typical mixer circuits: (A) 
shows a single-ended mixer (see text 
for filtering explanation). (B) is a bal¬ 
anced mixer using a hybrid coupler to 
isolate the rf and LO. (C) shows a 
double-balanced mixer using two hy¬ 
brids; (D) illustrates a subharmonic 
mixer using a pair of antiparallel con¬ 
nected mixer diodes. 
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sion loss . This loss is primarily a func¬ 
tion of the local oscillator level (or rf 
bias), the diode junction, the diode's 
parasitics, and the mismatch at the rf 
and i-f frequencies. At higher frequen¬ 
cies, the junction capacitance be¬ 
comes a primary limitation because it 
tends to bypass the junction re¬ 
sistance. 1 

Figure 4A shows this mixing proc¬ 
ess schematically in a circuit which is 
usually referred to as a single-ended 
mixer. If the mixer is a downconverter, 
the typical receiver type, both the lo¬ 
cal oscillator and rf matching networks 
should be high-pass filters so that the 
i-f isn't shunted to the input. Con¬ 
versely, the i-f port should be a low- 
pass filter type of matching network so 
that only the i-f is present at the out¬ 
put. For upconversion, the filters/ 
matching networks are reversed ac¬ 
cordingly. 9 

Most good detector diodes work 
well as mixers in a single-ended con¬ 
figuration, Point contact diodes were 
used for many years before the HCD 


was available. The HCD is preferred 
since it has lower parasitics, lower se¬ 
ries resistance, higher conversion ef¬ 
ficiency, and low storage time and the 
ability to switch from the on to the off 
state in almost zero time. 

The single-ended mixer has many 
disadvantages. The matching net¬ 
works all have loss and restrict band¬ 
width. As the i-f, rf, and LO fre¬ 
quencies converge, filtering becomes 
more complicated and the conversion 
loss increases accordingly. It is also dif¬ 
ficult to adequately filter out all the fre¬ 
quencies causing increased conversion 
loss. 

Some of the impedance matching 
disadvantages of the single-ended mix¬ 
er can be overcome by using a 90- or 
180-degree hybrid coupler in a 
balanced mixer such as shown in fig. 
4B. The hybrid transformer isolates the 
LO and rf from each other. However, 
the i-f matching/filtering is still a prob¬ 
lem and twice as much LO power is re¬ 
quired. The double-balanced mixer or 
DBM solves most of these problems 


and is essentially two single-ended 
balanced mixers connected in parallel 
and 180 degrees out of phase (fig. 
4C). 

Actually, the DBM is really acting as 
a switch rather than a nonlinear junc¬ 
tion. If the diodes are all similar 
(matched) and the transformers are 
well balanced, the rf, LO, and i-f ports 
will be well isolated from each other. 
Furthermore, there is suppression of 
the even-order harmonics, which sig¬ 
nificantly reduces intermodulation 
products. Finally, since the LO power 
is four times that required for a single- 
ended mixer, and less rf is across each 
diode, the intermodulation distortion is 
greatly improved. 

Low series resistance and almost 
zero charge storage time make the 
HCD the ideal diode for a switching 
type of mixer. Furthermore, diode 
manufacturing technology now per¬ 
mits HCDs to be manufactured as ei¬ 
ther beam lead, monolithic pairs, or 
monolithic quads of diodes all closely 
matched on a single miniature sub- 
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strate with a minimum of parasitics. 

The DBM works well as a mixer and 
is very simple to implement in up* or 
downconverters. Further use and ap¬ 
plications of the DBM are discussed in 
references 8 through 10. 

A newer type of mixer is the subhar¬ 
monic configuration, 11 which uses two 
diodes in antiparallel connection (fig. 
4D). The chief advantage of this type 
of mixer is that the LO operates at half 
the normal frequency, so fewer LO 
multipliers are needed; this represents 
a significant breakthrough on 
millirpeter-wave frequencies. 

switches 

Diodes can make excellent switches 
because they usually require only low 
forward current and can be remotely 
situated from the power supply. There¬ 
fore they can be located close to the 
circuitry to be switched. 

Because of its high speed and fast 
recovery time, the HCD can be a good 
switch. However, its series resistance 


may be too high if low insertion loss 
is important. The HCD is also a good 
rectifier, as discussed earlier. Therefore 
HCDs can introduce some loss and in¬ 
termodulation distortion, especially if 
the rf level across the diode is 
sufficient. 

The PIN (positive-intrinsic-negative), 
a three-layer diode, was invented ac¬ 
cidently in 1956 and is now the most 
widely used solid-state switch. A PIN 
diode is actually no more than a lousy 
rectifier. The longer its 'lifetime" (the 
inability to rectify in the presence of rf), 
the less likely it will be to cause inter¬ 
modulation. Diodes with at least a 1- 
to 2-microsecond lifetime can be used 
in the hf region. Shorter lifetimes are 
fine at VHF and above. 

When reverse biased, the middle or 
intrinsic layer of a PIN diode has ex¬ 
tremely high resistance, with a small 
shunt capacitance. When a PIN diode 
is forward biased, it takes a finite time 
to switch to the "on" state. When for¬ 
ward biased, it acts like a current- 
controlled resistor: the greater the for¬ 


ward dc current, the lower the re¬ 
sistance. 

PIN diodes are often used to switch 
rf because series resistances of less 
than 1.0 ohm are available. An exam¬ 
ple of a simple PIN diode switching cir¬ 
cuit with low insertion loss is shown 
in fig. 5A. Low-capacitance PIN di¬ 
odes will yield the highest isolation in 
the de-energized state, especially at 
the higher frequencies. 

For very high isolation, two switch 
sections can be cascaded with a trans¬ 
mission line between the diodes (fig. 
5B). For maximum isolation, the length 
of the interconnecting transmission line 
should be between 0.1 to 0.25 wave¬ 
lengths, as explained in reference 5. 

A typical two-pole PIN switch cir¬ 
cuit is shown in fig. 5C. Commercial¬ 
ly packaged two-pole, high-power 
switches suitable for switching over 
100 watts through 1000 MHz (such as 
the M/A-Com MA8334 series) are now 
available. These high-power PIN diode 
pairs are available in a threaded 
stripline package for minimum VSWR 
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fig, 5. Typical rf PIN switch circuits. C B 
is a blocking or rf bypass capacitor. (A) 
is a simple series switch; (B) shows cas¬ 
caded "switches" for additional isolation 
(see text for explanation of transmission 
line length). (C) shows a two-pole switch; 
(D) a shunt switch; (E) a typical T/R 
switch; and (F), typical PI type of varia¬ 
ble attenuator. 
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and maximum heat dissipation. 

So far, the circuits illustrated use the 
series configuration. PIN diodes can 
also be used in shunt as illustrated in 
fig. 5D. An example of a shunt and se¬ 
ries switch combination used as a T/R 
switch to provide extra receiver protec¬ 
tion is shown in fig. 5E. Again, note 
the diode separation as described in 
reference 5, 

Often used as variable attenuators, 
PIN diodes can have a very linear at¬ 
tenuation characteristic. The circuit 
shown in fig. 5A can be used as a vari¬ 
able attenuator by making R1 and/or 
the power supply voltage adjustable. 
More complicated circuits such as "L," 
"T," and "PI" types with up to three 
PIN diodes are also in wide use. An ex¬ 


ample of a typical "Pl"-type variable 
attenuator circuit appears in fig. 5F. 

Most PIN diodes specified for vari¬ 
able attenuator applications have a 
graded resistance versus control cur¬ 
rent, so you may need a wide range 
of current — 0.1 to 50 mA, typically, 
but this is a function of the type of PIN 
diode used. PIN diodes used for 
switching often require only a nominal 
fixed current. Remember that all PIN 
diodes used in the hf region must have 
longer charge carrier lifetimes to pre¬ 
vent intermodulation distortion. 

tuning diodes 

Varactors (sometimes called 
"varicaps" or tuning diodes) were first 
developed in 1958. Basically a voltage- 


dependent capacitor, as described in 
reference 1, it is always operated with 
reverse bias across the diode. 

Most varactor diodes are used to 
vary the frequency of a filter or oscil¬ 
lator. Varactors are especially common 
in places where only a small capaci¬ 
tance change is required, such as in a 
BFO or RIT control. A typical remote¬ 
ly tuneable filter using a varactor diode 
is shown in fig. 6A; fig. 6B shows a 
VFO circuit application, F!igh-Q, low- 
capacitance varactors are still used in 
parametric amplifiers, where the diode 
is pumped with an external oscillator 
(usually called the pump) to act as a 
low-noise, high-gain amplifier. Note 
that the electronic symbol for a varac¬ 
tor diode is different from a standard 
diode with a sort of capacitor symbol 
tacked on to the cathode terminal. 

In some applications there is suffi¬ 
cient rf voltage across a varactor diode 
to cause forward biasing, rectification, 
and distortion — a very undesirable sit¬ 
uation. This phenomenon can be sig¬ 
nificantly improved or eliminated by 
using back-to-back varactors as illus¬ 
trated in fig. 6C. Flowever, the capac¬ 
itance of each diode must then be 
doubled because they are now in 
series. 

Because so many types of varactor 
diodes are available, many different 
capacitance-versus-voltage, or "CV" 
characteristics, may be obtained. Some 
examples of CV curves were provided 
in fig. 5 of reference 1, so they will not 
be repeated here. Examine the CV 
characteristics desired for your appli¬ 
cation to see whether abrupt or hyper- 
abrupt tuning characteristics are 
required. 

Finally, when selecting a varactor di¬ 
ode, always check the supplier's data 
sheet carefully for the recommended 
frequency range, G, nominal capaci¬ 
tance at -4 volts (the standard refer¬ 
ence voltage), and the available tuning 
range. Always operate a varactor so 
that it doesn't become forward biased. 
If that is a problem, use a diode with 
twice the capacitance and the circuit 
recommended in fig. 6C as just 
described. 
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multipliers 

Diodes play a very important func¬ 
tion as frequency multipliers* There are 
at least three types of diode multipli¬ 
ers in common use: varactor, resistive, 
and "step/' 

I'm sure that most readers have seen 
multiplier circuits where a diode is driv¬ 
en with a moderate amount of rf, typi¬ 
cally 1 to 10 milliwatts, in order to 
generate harmonics. A typical circuit 
example is shown in fig. 7A. 

In this particular application, the 
available harmonic power is primarily 
a function of the diode's nonlinear 
capacitance-versus-voltage charac¬ 
teristic and the stored charge in the di¬ 
ode, as mentioned earlier, in both 
regards, the point contact or typical 


FROM CONTROL 
ROWER SUPPLY 



FROM CONTROL 
, POWER SUPPLY 


silicon junction diodes (even 1N914s 
have worked!) are preferred because 
they generally have a greater nonlinear 
capacitance change near zero bias and 
are more likely to take longer to 
"dump" the stored charge, which is a 
desired characteristic of a good mul¬ 
tiplier. 

The HCD would be a less efficient 
multiplier in the above configuration 
because it falls into the resistive mul¬ 
tiplier class. It has very little capac- 
itance-versus-voltage change (see fig. 
5 in reference 1) and is known for its 
quick switching response or ability to 
dump the stored charge almost in¬ 
stantly, as mentioned earlier. 

However, if you operate an HCD in 
a balanced doubler configuration 
(analogous to a typical 60-Hz full wave 
power supply rectifier) similar to the 
frequency doubler circuit provided in 
reference 12, high efficiency can be 
obtained. Using HCDs in the circuit 
shown in fig. 7B yields good doubler 
efficiency results (only 6 to 12 dB con¬ 
version loss.) Furthermore, the fun¬ 
damental and third harmonics are 
typically rejected by 20 to 30 dB. 
Hence less output filtering is required. 

Although balanced HCD doublers 
have moderate conversion loss, they 
are very stable and have low noise. 
Sometimes they're easier to work with 


than transistor doublers. With the 
availability of silicon MMICs (micro- 
wave monolithic integrated circuits), 
the conversion loss of a balanced HCD 
or the single-ended diode multiplier as 
described above can be inexpensively 
brought back to unity or greater gain 
as described in reference 12. I've been 
using this technique for many years 
with great success, and was doing so 
even before MMICs were available. 

Moderate power (5 to 50 watt) 
varactors have been used for many 
years as doublers and triplers up 
through 23 cm (1296 MHz). Diodes 
such as the surplus Microwave Associ¬ 
ates MA 4060 low-cost, threaded- 
package, high-power varactor are in 
widespread use. 13 Even small signal 
varactors such as those discussed 
earlier for tuning oscillators and filters 
will work well at low input power lev¬ 
els (10 to 1000 milliwatts). 

A typical varactor diode multiplier 
circuit (fig. 70 consists of an input 
matching network, a varactor diode 
with its associated bias resistor, Rg 
and the output filter network. Al¬ 
though their efficiency decreases when 
varactors are used as triplers, it can be 
enhanced considerably by adding an 
idler circuit. This circuit consists of a 
high-Q series circuit tuned to the sec¬ 
ond harmonic of the input frequency 
(fig. 70. 

SRD multipliers 

The SRD (step recovery or "snap" 
diode) is the "king" of multiplier di¬ 
odes, especially when high efficiency 
and higher order multiplication (greater 
than 3 times) is required. 14 SRDs have 
a structure very similar to that of a PIN 
diode. 

The capacitance of an SRD can 
usually be assumed to be independent 
of minor voltage changes and has a CV 
characteristic similar to that of an 
HCD 1 . When the rf input voltage goes 
positive, the diode turns on and stores 
a charge in the intrinsic region. When 
the applied voltage goes negative, it 
takes a finite time for the stored charge 
to decrease (the "snap" time), at 
which time the diode will abruptly turn 
off. During this transition period, the 
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fig. 6. Typical varactor circuits. Compo¬ 
nent values depend on frequency and 
application. (A) shows a simple filter 
tuning circuit; (B), a varactor tuning a 
VFO; and (C), series varactors to improve 
signal handling capabilities of a filter or 
oscillator. 


SRD conducts current for a very short 
period of time as if in a short circuit. 
This rf current is very rich in har¬ 
monics. 

A typical SRD circuit is illustrated in 
fig. 7D. Note that the SRD has a 
different electronic symbol than other 
diodes. At first glance the circuit close¬ 
ly resembles that of the varactor mul¬ 
tiplier (fig. 70. However, there are a 
few subtleties. The input circuit has an 
extra section or "impulse" network, as 
illustrated. The bias circuit is slightly 
different. In the case of the SRD mul¬ 
tiplier, a very low value bias resistor is 
used (typically 200 to 500 ohms, ver¬ 
sus 50 to 100 kilohms for the varactor 
multiplier). 

Another version of the SRD is the 
BIM0DE™ or A mode™ diode, which 


is enhanced for high power and high 
efficiency operation as a doubler or tri- 
pler. For best efficiency as a tripler, this 
type of diode requires an idler circuit 
similar to the one in a varactor multipli¬ 
er (fig. 70. 

SRD multipliers can have conver¬ 
sion losses as low as a few dB — 
hence their popularity as multipliers. 
SRDs are usually capable of operation 
at up to 5 to 10 watts of power. If 
higher power (up to 50 watts) is re¬ 
quired, SRDs are available in stacked 
or multichip packages. 

SRDs are often used as impulse or 
"comb" spectrum generators for 
generating harmonics over a large fre¬ 
quency spectrum, as described in 
reference 14. Further information on 
designing SRD multipliers or comb 


generators is beyond the scope of this 
month's column, but interested per¬ 
sons are encouraged to seek out co¬ 
pies of references 15 and 16. 

limiters 

It's often wise to place a circuit 
ahead of the input to your receiver to 
provide protection from stray rf, T/R 
relay leakage, or static. 6 Such a circuit 
is often referred to as a limiter. The 
simplest limiter is a diode, typically an 
HCD, connected to ground across the 
input line to a receiver (fig, 8A) or 
from the base to emitter of a bipolar 
transistor (fig. 8B). 2 

This type of circuit is poor at best 
because it conducts only on one side 
of the input signal. Back-to-back di¬ 
odes (fig. 8C) are better. However, 
neither configuration provides any pro¬ 
tection from stray out-of-band rf. As 
a result, if moderate rf power is pres¬ 
ent on your transmission line, harmon¬ 
ics that will overload 6r degrade 
receiver performance may be generat¬ 
ed by the limiter. Furthermore, HCDs 
can handle only low power (less than 
1.0 watt); because they have a very 
low barrier voltage, 0.3 volts, they are 
easy to overload. 1 

Placing a bandpass filter ahead of a 
limiter (fig. 8D) helps. (This was 
recommended in references 2 and 6.) 
A further limiter improvement would 
be to include the diode within the fil¬ 
ter so that the capacitance of the di¬ 
ode could be tuned out. If the HCD 
barrier voltage is too low, diodes can 
be hooked in series until a suitable 
"turn-on" voltage is obtained. Howev¬ 
er, the HCD is a poor choice for a 
limiter diode because it's really a rec¬ 
tifier and doesn't have a very low im¬ 
pedance, even when turned on hard. 

On the other hand, a PIN diode with 
a very thin I (intrinsic layer), typically 
2-10 microns thick, makes an excellent 
rf limiter. PIN limiter diodes act like a 
power -dependent variable resistor 
with very low turn-on resistance 
through the mechanisms of charge in¬ 
jection and storage similar to rectifica¬ 
tion, Because of the long carrier 
lifetime of the PIN diode, only one di- 
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fig. 7. Typical multiplier circuits. Component values depend on frequency and appli¬ 
cation (see text). (A) is a simple diode multiplier. (B> shows a balanced doubler using 
HCDs, and (CL a varactor multiplier circuit. The idler circuit is used for tripler applica 
tions. R B is typically 50 to 100 k. (D) is a typical SRD multiplier. R B is typically 200 to 
500 ohms. 


ode is needed, since it stays on for a 
longer period than the rf cycle. 

A single such PIN limiter diode can 
be substituted for an HCD (fig. 8E). 
If the I region is very thin, the diode 
can respond in nanoseconds. PIN 
limiter types of diodes have very low 
resistance and don't rectify the same 
as HCDs, as described earlier. 

Thicker I region diodes with up to 50 


nanosecond turn-on times are used for 
higher power operation. Power han¬ 
dling up to/in excess of 10 kilowatts 
for 1 microsecond duration is now pos¬ 
sible! A thin and thick PIN limiter di¬ 
ode can be cascaded for additional 
protection (fig. 8F). Again, separate 
the diodes by 0.1 to 0.25 wavelengths, 
as discussed in reference 6. The inclu¬ 
sion of an HCD in the circuit shown in 


*Dustcovers* 

'KAGILr, 

• PROTECT your GEAR 

• Waterproof PAK Nylon 
• FIVE Colors 

• Economical 

• For ALL Amateur Radio 

Gear, Vintage thru 
Solid State. . . 

_• Custom covers 

•MiNI-covers 



Send (sase) Today ^ 153 
Samples & Brochure 

KAGIL Dustcove*s POBo. 06780 
Portland, OR 97206 


TROUBLESHOOTING 

MICROPROCESSOR-BASED 

EQUIPMENT 

AND 

DIGITAL DEVICES 

Attend this 4-d3y seminar and master the essentials 
of microprocessor maintenance. Gain a firm undcr- 
sianding of microprocessor fundamentjls and learn 
specialized troubleshooting techniques. 

Call or write for brochure with full details and 
current schedule. Fee is $7.95.00 

• 8 and 16 bit systems 

• Signature analysis 

• logic analysis 

• Machine-language programming 

• Diagnostic programs 

• Emulation 

• Bus Systems 

MICRO SYSTEMS INSTITUTE 
Garnett, Kansas 66032 

( 913 ) 898-4695 ^ 154 

































RF IN 


Rf OUT 



RF OUT 


RF IN 


)b- 



RF IN 



RF IN 



RF OUT 


RF IN 



RF OUT 


fig. 8G will help speed up turn-on time 
of a thick PIN limiter, especially at low 
power levels, for further low-power 
protection. 

noise diodes 

So far I haven't mentioned the noise 
diode, a special type that works in the 
avalanche mode similar to the opera¬ 
tion of a zener diode. These diodes 
aren't always easy to construct and 
therefore are usually more expensive 
than conventional ones. 

Noise diodes are particularly useful 
for testing receiver noise figures. Of¬ 
ten Amateurs use point contact diodes 
(such as the old standby 1N21 type) in 
noise figure generators. Back biased 
transistor base to emitter junctions 
have also been used. Both of these di¬ 
odes are tricky to use because they 
may have a low impedance and some 
reactive component when generating 
noise. Therefore, if you use them, 
place a large value (greater than 20 dB) 
attenuator pad between the diode 


fig. 8. Typical limiter circuits: (A) shows 
a shunt diode; (B), bipolar transistor pro¬ 
tection; and (C). a back-to-back limiter. 
(D) illustrates the preferred configuration 
for a limiter; (E) shows a typical single- 
ended PIN diode limiter; and (F) illus¬ 
trates the use of two different PIN diode 
types for high power applications. (G) 
Adding a shunt HCD to a PIN diode 
limiter will improve turn-on speed and 
lower rf limit level. 
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noise generator and the device under 
test. 

Good noise diodes generate "flat" 
or white noise over a wide frequency 
spectrum. Several microwave diode 
suppliers now supply noise diodes that 
are broadband and have excess noise 
ratios exceeding 35 dB. If you're in¬ 
terested in the subject. I'd suggest that 
you contact one of the suppliers, since 
this is a very specialized area. 

oscillator diodes 

These diodes were very popular be¬ 
fore the arrival of efficient multipliers 
and bipolar/GaAsFET rf sources. 
Probably one of the earliest microwave 
diode oscillators used the negative re¬ 
sistance characteristic of a tunnel di¬ 
ode. However, tunnel diodes didn't 
generate much rf power. 

Great excitement followed the in¬ 
vention, in 1963, of the Gunn diode, 
named for its inventor, Dr. J. B. Gunn, 
of IBM Research. A bulk-effect device 
that uses GaAs as the semiconductor 
material, it is terribly inefficient (typi¬ 
cally less than 5 percent) but will 
generate up to several hundred mil¬ 
liwatts of microwave power in the 4- 
to 100-GHz spectrum if properly biased 
and designed into a suitable tuning 
structure. Gunn diodes are the main 
component in GunnPlexers. 9 

The many other types of microwave 
and millimeter-wave oscillator diodes 
include but are not limited to the TEO 
(transferred electron oscillator), 
TRAPATT (trapped plasma avalanche 
triggered transit), BAR ITT, IMPATT 
(IMPact-ionization Avalanche Transmit 
Time), and avalanche. The choice of 
an oscillator diode represents a 
tradeoff between frequency range, 
output power, power supply require¬ 
ments, efficiency, and noise charac¬ 
teristics. No further discussion will be 
conducted at this time because there 
is probably only limited interest among 
Amateurs and stable sources followed 
by multipliers seem to be in current 
favor. 

optical diodes 

It would be unfair to ignore optical 
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short circuit 
rewinding'with CAD 

Two corrections should be made to 
"Rewinding Transformers with CAD" 
by Hugh Wells, W6WTU (December, 
1986, page 83). One line should be add¬ 
ed and another changed as follows: 

935 IP = VA/(0.9* EP):REM INTERIM 
CURRENT CALCULATION 
940 CP = RC*IPA2:REM 
CALCULATES COPPER LOSS 


diodes because they're really opera¬ 
tional in the upper or top of the 
millimeter-wave region, beyond 300 
GHz! Most operate in the visible light 
region. Probably the most inexpensive 


and well known is the LED or light 
emitting diode. 

Another well-known type of optical 
diode is the LASER (Light Amplifica¬ 
tion by Stimulated Emission of Radia¬ 
tion). Amateur GSOs have been re¬ 
ported using lasers in the 474 THz 
region (474,000 GHz) region. 17 In this 
instance, a photodiode is used as the 
detector. I'd highly recommend refer¬ 
ence 17 for those interested in commu¬ 
nications by light waves. 

Finally, let's not forget the common 
photovoltaic (solar) cells, which can be 
used to provide power for operating 
Amateur gear, especially in remote 
areas where commercial power is ei¬ 
ther unreliable or not readily available. 
Typical solar cells will generate approx¬ 
imately 0.5 volts per cell, so several 
may be connected in series to power 
typical Amateur equipment. 

summary 

In this and last month's columns, 
I've tried to show that diodes are still 
very important to the VHF/UHF/ 
microwave and millimeter-wave en¬ 
thusiast. Time and space didn't allow 
all diode types to be described nor full 
applications of all types to be noted. 

Diodes are too often taken for grant¬ 
ed because they're so small and have 
only "two terminals!" Just because di¬ 
odes appear so simple is no reason to 
treat them lightly. I hope that the in¬ 
formation and circuits provided here 
will answer some questions that I of¬ 
ten hear asked about diodes and en¬ 
courage greater appreciation for their 
proper use in Amateur applications. 

new DX records 

Last month's column announced a 
new 9-cm (3456 MHz) microwave DX 
record. Since that time more details 
have become available. WB5LUA, 
operating portable with 10 watts and 
a 4-foot dish at 2680 feet ASL in 
Mena, Arkansas (EM24UG) contacted 
WA5TNY, who was operating porta¬ 
ble at 600 feet ASL with 1.5 watts and 
a 6-foot dish in Fairy, Texas 
(EM11AU). Using CW, the two estab¬ 
lished a new North American DX rec¬ 


ord on this band of 288 miles (463.5 
km) on October 19,1986. Congratula¬ 
tions to Al and Rick as well as KD5RO, 
N5GEJ, N.6CHA, and K5PS, who 
helped support this effort. 

i 

important VHF/UHF Events: 


March 21 

March 24 
April 13 

April 18 
April 21 

April 22 

April 24-26 
April 29 


± 2 weeks — Optimum time for 
TE propagation 
EME perigee 

ARRL 144-MHz Spring Sprint 
Contest (Monday evening) 

EME perigee 

ARRL 220'MHz Spring Sprint 
Contest (Tuesday evening} 
Predicted\ peak of the Lyrids 
meteor shower at 1100 UTC 
Dayton Hamvention 
ARRL 432'MHz Spring Sprint 
Contest (Wednesday evening) 


references 

1. Joe Reisert, W1JR, "The Ubiquitous Diode: Pan 1," 
hum radio, February, 1987, page 51. 

2. Joseph H. Reiser!, Jr., W1JAA, "Ultra Low-Noise 
UHF Preamplifier," ham radio. March, 1975, page 8. 

3. Joe Reisert, W1JR, "VHF/UHF World: Medium 
Power Amplifiers," horn radio, August, 1985, page 39. 

4. Joe Reisert. W1JR, "VHF/UHF World: Low-Noise 
GaAsFET Technology." ham radio, December, 1984, 
page 99. 

5. Joe Reisert, W1 JR. "VHF/UHF Preamplifier Burn¬ 
out," ham radio, November. 1978. page 43. 

6. Joe Reiser!, W1JR, "VHF/UHF World: Protecting 
Equipment," ham radio , June, 1985, page 83. 

7. Joe Reisert, W1JAA, "VHF/UHF Techniques: 
Matching Techniques for VHF/UHF Antennas," ham 
radio , July. T976, page 50. 

8. Joe Reisert, W1JR, "VHF/UHF World: VHF/UHF 
Receivers." ham radio, March, 1984, page 46. 

9. Joe Reisert, W1JR, "VHF/UHF World: VHF/UHF 
Exciters,” ham radio, April, 1984, page 84. 

10. Joe Reisert, W1JR, "VHF/UHF World: High Dy 
namic Range Receivers," -ham radio. October. 1984, 
page 97. 

11. M. Cohn, J. E. Degenford, and B.A. Newman, 
"Harmonic Mixing with an Antiparallel Diode Pair," 
1974 MTT International Symposium, June, 1974, 
pages 17M72. 

12. Joe Reisert. W1 JR, "VHF/UHF World: Broadband 
Amplifiers in Receiver Design." ham radio, November. 
1986. page 91. 

13. Joseph J. Moraski, K4USM, and Charles E. Spitz. 
W4API, "A Frequency Multiplier lor 1296 MHz." ham 
radio, September, 1969, page 40, 

14. Joe Reisert, W1 JR, "VHF/UHF World: VHF/UHF 
Frequency Calibrator Design," ham radio, October, 
1984, page 55. 

15. "Pulse and Waveform Generation With Step 
Recovery Diodes." Application Note 918, Hewlett 
Packard Company. 

16. "Harmonic Generation Using Step Recovery Diodes 
and SRD Modules," Application Note 920, Hewlett 
Packard Company. 

17. Steve J. Noll. WA6EJO, "Communicating on 
474.083 GHz," ham radio . December, 1986, page 10, 

ham radio 



74 


March 1987 








ham radio 


TECHNIQUES 


O OOt 


•)h 


-T 




*'<L 




6 6 




2 * Cl 4 6 a 


(J 

^ I 


-r- *' 
I 

,U 


l> uf 




rtf 


J <6 


i M.fuf- 
v v , 


s/t’ 'ioj 




ro jjv r m i jr 

♦ ^ 


. _<(JOo £ r 

K 


t? 


fig. 1. Representative output circuit of tube-type transceiver (160 meters). Pi-network 
is marginal at 1.8 MHz. 


160-meter equipment: 
problems and 
design hints 

The 160-meter band occupies a very 
special place in the history of Amateur 
radio. 

On the night of November 27, 
1923, a striking event occurred. Using 
a special wavelength near the "top 
band," IMOand 1XAM of the United 
States made a transatlantic contact 
with French 8AB. American and Euro¬ 
pean Amateurs were in QSO for the 
first timel A mighty ocean had been 
spanned and, at the same time, mil¬ 
lions of dollars worth of commercial 
long-wave communication equipment 
had been rendered obsolete. Short 
waves were the coming thing, and the 
rush to explore the very short waves 
— possibly as short as 20 meters — 
was on. 

Over the years, Amateur interest in 
the 160-meter band has waxed and 
waned. It's now on the increase, and 
there's a lot going on in this historic 
portion of the radio spectrum. Most 
modern transceivers cover the 160- 
meter band, and more Amateurs are 
turning to the "gentleman's band" as 
a source of enjoyment. 

special problems of 
160 meters 

The 160-meter band is a lot closer 
to the a-m broadcast band than it is to 
any other Amateur band, and some 
Amateurs find that everyday tech¬ 
niques they're comfortable with, say, 
on 80 meters, don't seem to work as 
well on 160. This can bring about 
problems that are unique to this band. 

Many Amateurs have transceivers 
that use the popular 6146B tubes in the 
output stage. Some of them have 


found, to their chagrin, that the trans¬ 
ceiver won't load properly at 1.8 MHz, 
even though everything seems to work 
properly at 1.9 MHz or higher in the 
band. But at the low end, adjustments 
seem to "run off the end of the dial." 
In my case, my transceiver worked 
perfectly well down to about 1830 kHz, 
loading properly and providing a good 
100-watts output into a 50-ohm dum¬ 
my load. Alas, when I tuned up at 1800 
kHz, the tuning control was fully coun¬ 
terclockwise, loading seemed sluggish, 
and the power output dropped to 
about 80 watts. Worst of all, the 
amplifier tubes ran very hot. 

It didn't take much investigation to 
show that the amplifier plate circuit 
wouldn't tune that low in frequency — 
everything "fell apart" at about 1830 
kHz. A phone call to the factory serv¬ 
ice center brought about the reluctant 
admission that operation was indeed 
"marginal" at the low-frequency end 
of the 160 meter band. 

So — what to do? There was plenty 
of action around 1800 to 1810 kHz, and 
I thought it would be nice if the trans¬ 
ceiver worked properly in this critical 


range — so near to the "outer limit" 
of the transceiver's design. 

To determine the possibilities, the 
plate circuit of the transceiver (fig. 1) 
was examined with a computerized pi- 
network program, using the circuit 
values shown in the schematic in the 
transceiver manual. Sure enough, 
reaching the low-frequency end of the 
160-meter band was outside the tun¬ 
ing limit of the transceiver — by the 
merest margin — about 30 kHz in my 
case. 

I didn't like the idea of tearing into 
the transceiver to modify the circuitry, 
so I looked for another answer via the 
pi-network program. Table 1 lists the 
component values needed for two 
different output impedances. Holding 
the plate impedance, circuit Q, and fre¬ 
quency constant, the output impedance 
was increased from 50 ohms to 75 
ohms. The latter value was chosen be¬ 
cause it's easy and inexpensive to ob¬ 
tain 75-ohm coax cable (RG-59/U and 
RG-11/U) and most transceivers are 
rated for a 75-ohm load. Note that 
while the value of the plate circuit in¬ 
ductance (L) remains fairly constant. 
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fig. 2. Representative 160 meter linear amplifier showing 


values of critical components. See text for data on RFC2. 


both the tuning (Cl) and loading (C2) 
capacitance values decrease by a 
noticeable amount. Switching to a 
75-ohm feed system, therefore, can 
provide a greater tuning margin at 1.8 
MHz for a given amplifier plate circuit 
network. Since the actual pi-network 
inductor wasn't changed, the tuning 
latitude gained isn't as much as 
predicted in this exercise, but it's still 
enough to permit an otherwise out-of¬ 
tune amplifier plate circuit to resonate 
properly at 1800 kHz. Accordingly, the 
transceiver was connected to a 75-ohm 
dummy load via RG-59/U coax and a 
75-ohm model SWR meter. It was now 
possible to tune up properly at 1.8 
MHz, with the amplifier tubes running 
much cooler. 

Although switching to a 75-ohm 
feed system offered one solution, 
another equally satisfactory method 


consisted of adjusting the 50-ohm feed 
system to reflect the proper reactance 
back into the final amplifier that would 
detune the pi-network circuit in the 
proper phase to allow sufficient tuning 
range on the tuning and loading con¬ 
trols. This can be done by changing 
the coax line length between the 
antenna and the transmitter. Accord¬ 
ingly, various lengths of 50-ohm coax 
were inserted into the original anten¬ 
na feed system until a length was 
found that permitted proper tuning of 
the transceiver. It's difficult to specify 
the "magic" length because that de¬ 
pends upon the antenna installation 
and the equipment in use. By chang¬ 
ing coax cable length from antenna to 
transceiver, the tuning settings of the 
amplifier stage could be varied to 
produce a reasonable tuning sequence 
for the transceiver. 


Note that changing the length of the 
coax did not change the SWR on the 
antenna system — it merely moved the 
transceiver back and forth along the 
coax line so that the combination of 
SWR and phase shift along the line 
produced the wanted results, namely, 
the ability of the transceiver to tune 
and load properly. 

160-meter amplifier 
construction hints 

Building a linear amplifier for 160 
meters? No big problem, provided you 
remember that this creation is operat¬ 
ing at a frequency closer to the broad¬ 
cast band than to any other ham band, 
and design accordingly. The amplifier 
shown in fig. 2 serves as an example. 
Only the rf circuitry is considered; the 
metering and control circuits aren't in¬ 
volved in this examination. 

The first consideration is that all 
bypass capacitors have to be an order 
of magnitude larger than those values 
used on the higher frequency bands. 
For low-voltage, low-power circuits, a 
bypass or coupling capacitor of 0.05 j*F 
is satisfactory. For high-voltage cir¬ 
cuits, such as plate blocking and 


Table 1. Pi network component values for different load impedances. 


Q 

Frequency 

CKInput Cl 

L(lnduct) 

C2{Output C) 

Load Z 

16 

1.8 MHz 

682 pF 

13.11 mH 

3708 pF 

50 ohms 

16 

1.8 MHz 

660 pF 

14.00 

3020 pF 

75 ohms 
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bypass units, a value of 0*005 jiF will 
suffice. 

)n low-voltage circuits, the Sprague 
"cera-mite" series of capacitors will do 
the job: the type 5HKP10 or 5GAP10 
rated at 500 volts are satisfactory. For 
medium-high voltages, the Sprague 
0.0047 [if, 6 kV (dc) capacitor, type 
60GAD47 is suggested. Sangamo also 
makes a 500-volt dc-rated, 0.02 fiF 
mica capacitor (FD203J03) that is 
satisfactory for low voltage circuits. 
Two of these units can be paralleled 
for 0.04 fiF. 

A larger-than-normal filament choke 
(RFC2) should be employed on 160 
meters. If the choke is too small in in¬ 
ductance, it will tend to detune the pi- 
network input circuit because the 
choke is in parallel with capacitor C2 
and introduces “negative capacitance" 
across C2, in addition to allowing rf 
power to pass down the choke and 
into the filament transformer. A suit¬ 
able choke consists of 20 bifilar turns 
of No. 12 wire (Formvar) on a 0.5-inch 
diameter, 7-inch long ferrite rod (/t = 
950). 

A pi-L plate circuit is recommended 
to provide additional harmonic attenu¬ 
ation over that of a pi-network. Using 
high power, it's possible for the 
second harmonic of a 160-meter trans¬ 
mitter to fully meet FCC specifications, 
yet provide enough power in the 
80-meter band to seriously affect near¬ 
by Amateurs operating close to the 
harmonic frequency. In this case, the 
pi-L configuration provides an extra 15 
dB of second-harmonic attentuation at 
very little additional cost to the am¬ 
plifier. 

The greater rejection of this circuit 
allows the designer to decrease the 
network Q to provide smaller com¬ 
ponent values. In this case, a Q of 8 
was chosen. The required component 
values for resonance at 1.8 MHz are 
given in the drawing. A total of 300 pF, 
with at least 100 pF of it variable, will 
serve as the tuning capacitor, and a to¬ 
tal value of 2000 pF, with 1000 pF of 
it variable, will do the job as the out¬ 
put loading capacitor. 

Transmitting-type, zero-coefficient 
ceramic capacitors {such as the Cen- 


tralab type 850S) may be used to pad 
capacitor C3. Large, mica transmitting- 
type capacitors {often found at flea 
markets) can be used for padding the 
loading capacitor, C4. 

The plate rf choke {RFC 1) must 
have sufficient inductance so that it 
doesn't affect the pi-L network to any 
great extent. From an rf point of view, 
the choke is in parallel with tuning 
capacitor C3. If the choke is too small, 
the value of C3 must be increased to 
compensate for the inductance of the 
choke. A minimum inductance for 
RFC 1 for 160-meter operation is about 
250 /tH. An inductance value up to 1 
mH is more acceptable. 

Note that the plate blocking capac¬ 
itor has a value of 0.005 fi F. This is 
considerably larger than found in am¬ 
plifiers designed for the higher fre¬ 
quency bands. 

A 20-ohm, 20-watt wire-wound 
resistor is connected in series with the 
B-plus lead. This serves as a low-G rf 
choke for VHF harmonic suppression 
as well as a safety device in case of an 
ion flashover in the amplifier power 
tubes. The plate bypass capacitors on 
each side of this choke are 0.005 ^F, 
5 kV~ceramic units. 

When such large coils as L2 and L3 
are used in the plate circuit, it's imper¬ 
ative that they not couple to the cabi¬ 
net. If an all-metal cabinet is used, it 
can easily become a one-turn, short¬ 
ed inductor closely coupled to the out¬ 
put tank. This fact was brought to light 
in a homemade amplifier built within 
a steel enclosure. The efficiency of the 
amplifier was mysteriously low and the 
cabinet ran very warm — warmer than 
one would think, since an efficient 
cooling system was used. It was found 
that the circulating rf currents in the 
enclosure accounted for nearly 200 
watts of output power! No wonder the 
cabinet ran uncomfortably warm! Re¬ 
arranging the amplifier coils cured the 
power loss problem, 

design summary 

Coupling and bypass capacitors for 
a 160-meter amplifier have to be an 
order of magnitude larger than those 
chosen for an amplifier whose lowest 
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CONTROL 
YOUR SHACK 
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MOBILE /H.T. 


Super ComShack 64 

Repeater Controller/Dual Remote/Rutopatch 


System control Interface Cartridge Option 
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Instant code 
practice mode 
controlled from 
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CS-8 control 
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•Remotely programable with Touchtones/ change up 
to 9 sets of access codes from H.T or telephone! 
•Synthesized speech consisting of high quality 
male or female digitized human voice 
•Dual Remote base (H.F. &V.H.F) 

•Autopatch & Super Repeater Controller 
•Program voice ID tail message from your H T 
•Automatic voice clock & activity timers 
•Multiple commands can be executed at once 
(up to 16 digits per command string) 
•Sub-audible tone & speed dial compatible 
•Alarm clock & auto-excute command string! 
•Optional autoboot cartridge (no disk drIve needed) 
•Send system commands from telephone line’ 




•Generates random code practice <?> any speed with 
voice readback after each 20 random code group! 
•Set CW speed & pitch from your H.T. 

•Input up to 22 vocab words & letters as ID or 
mall box message <a> speed dial rates from N T 
•Enable/disable up to 50, tel -“"s + wild cards 




*300 Touchtone loadable Autodial numbers 
plus 10 Emergency Autodial (quick access) 

*300 Reverse patch call signs uploaded from 
your H.T./general or directed page modes 
•Incoming caller receives voice message to enter 3 
digit code to selective page a call sign (D.P. mode) 
•Phone number memory readback 
•Enable/disable 50 area codes + wild card *'s 
•Full or half duplex (repeater on/off) 

•Storage of MCI / Sprint access codes 
•Call waiting allows switching to second phone line 
•Touchtones are regenerated onto the tel /speed dial 
•Touchtone or dial pulse modes 
•Reverse patch active in all modes 
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• H.F remote supports: Yaesu FT-757/767/980 
Kenwood TS-440/940, loom 1C-735 

•2nd remote control data supports: Yaesu FT-727 
FT- 767 & Kenwood 71 1 /81 1-or the-79S0 or 
TS-2530/70 with RAP 1 (control card ) 

• 10 H.F Memory channels/enter or recall 
•Automatic US8/LSB/FM/AM mode select 
•Scan up/down, fast, or lOOhzsteps 

•Control CS-8 relay/latch /master reset /Status 
•H.F./V.H F. Monitor only or TX enable modes 
•AH control inputs are voice confirmed including 
frequency, mode, scan status, time, outputs on/off 
•VHP remote, as link input, & repeater can be active 




•8 Latching Relay control (CS-8) $ 79.95 
+ 3 DPDT 2A relays, 5 open collector outputs 
+ user defined 2 letter function name & state 
+ automatic PTT fan control/master all off code 
•Optional CMOS auto-boot 72k EPROM Cartridge 
programmed with your parameters $99.95 
•Keypad Control for VHF remote, RAP 1 $ 1 49.95 
•Super ComShack Manual ( credit later) $ 1 5.00 


MODEL C5645“$349.95 (wired and tested) 
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includes computer interface, disk, cables & manual, 
duplex & simplex versions are supplied 
(some features not applicable when using simplex ) 
(add $4.00 shipping / Ca. residents add 6$) 
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Program your computer in basic to decode multidigit "strings ', 
sound alarms, observe codes . Simple to install, + 12YDC 

/audio, includes basic program for C64/ V!C20/C128.a1l _ 

computers 1 DECODE~A“PAD ’ Model DAP $89.95 
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Radio under control 




Wired and tested ♦S to + 12 Volts/ 
User programme to 50,000 codes/ 
All 16 digits/Send code once to turn 
on, again to turn off/ Momentary & 
latching output/drives relay/LED 
latch indicator/Optional 4 digit extra 
custom latch ID’S $8 95 each/addas 
many latches as you want to your 
external board |nodel TSD $59.95 ’ 


COLUMN 


Remote Keypad Rows & Columns Controller Plus Two 4 digit 
decoders (on/ofO/WHI control frequency of any keypad entry 
radio such as the Kenwood 7950/2S30/1C04-AT Easy to install 
m Darallely with existing keypao/Use with ComShack 64 as a 
freq controller or with Pro Search rotor control Dox/A versatile 
board for all remote control applications The latches may be 
used for or/off or momentary 

"REMOTE-A-PAD* ! Model RAP-I $149 95! 



M95? Tel tone 

--'5 to 12v. 15ma 

(SSI-201 competableVinc. 3.58 
Mhz Crystal/ 22 pin socket, Data 
I Sheet, Sample circuits, decoder 
j specs, all 16 touchtones, BCD/HEX 

I No filters req fModel TTK $22 95 


frequency of operation is80 meters. In 
the same fashion, 160-meter rf chokes 
have to be at least twice the size (in¬ 
ductance) of their 80-meter counter¬ 
parts. In particular, the B + lead must 
be well filtered, or rf will skip down this 
lead, pass through the power supply 
and disappear down the primary pow¬ 
er line, perhaps to light up a lamp bulb 
in a nearby receptacle! It's costly to 
generate rf watts on 160 meters and 
easy to lose them if care isn't taken in 
designing the equipment. 

ham radio 
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C-64 and GLB PK-1 
interface circuit 


Get on packet quickly, 
easily with readily 
available components 

Until just a few years ago, I thought that packet 
radio was an interesting part of our hobby, but one 
that was too difficult and too expensive to enter. I'd 



fig. 1. interface card plugs into C-64 user port. On the author's 
version, the ribbon cables from J1 and J2 on the PK-1 are ter¬ 
minated in 16-pin DIP headers and plugged into 1C sockets 
on the interface PC board. On later versions, the ribbon con¬ 
ductors were soldered to the PC board. The black dot at the 
end of the PC board is a rubber bumper which supports the 
free end of the board. 


I heard stories of people who spent months scroung¬ 
ing for parts and equipment. 

All that changed when GLB introduced the PK-1 
Terminal Node Controller. For those of us who already 
owned a Commodore 64 computer, the PK-1 was 
about the cheapest way to go. Intrigued, Neil Abitabi- 
lo, WA2EZN, and I ordered two units from GLB. 

We should have planned ahead, The PK-ls were 
only days from delivery when we realized that neither 
of us had the foggiest idea of how we were going to 
interface them with the C-64. One thing was clear; no 
one was offering an interface off the shelf. 

Neil and I began making inquiries on the 145.135 
repeater in Carmel, New York, where a large number 
of packeteers hang out. Eventually we got the infor¬ 
mation we needed to design a circuit that provides the 
necessary functions. 

interface requirements 

The DATA IN and DATA OUT lines between the 
PK-1 and the C-64 must be inverted, RTS and CTS 
lines from the PK-1 to the D and K pins on the user 
port must be Jinked without inverting polarity. A pc 
board serves as the common point for the three ca¬ 
bles that link the various units. 

Two ribbon cables connect J1 and J2 on the rear 
of the PK-1 to the solder pads on the pc board. A third 
cable (see fig 1) goes from the pc board to the trans¬ 
ceiver for -1-12 volts, receive audio, transmit audio, 
push-to-talk, and squelch back-off (if used — see 
sidebar). 

John B. Meagher, W2EHD/ex-W8JGN, 27 

Fourth Street, Closter, New Jersey 07624 
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fig. 2. Interface card schematic. 


Cl 

0 002 uP 

PIP2 

5/tO 0.156inch insulation displacunwnt udqu connector lava tin tile 
from GI B) 

P3 

12/24 0/156 inch edge connector (Texas instrument PN H411121 12) 
Available (tom OigiKey PN Cl-12 

O f, 02,04 

PNP (2N3906 or equivalent) 

03,05 

NPN (2N39Q4. 2N2222 Or equivalent) 

HI H5 

10 k 1 )4 Wait. 10 percent 

HS 

18 k optional (see textf 

H7 

6 2 k optional (see text) 

Si 

4PST OtP switch 


construction 

Flexibility was a key consideration in board layout. 
SI is a 4PST DIP switch which permits the operator 
to positively disable SQUELCH, BACK-OFF, PTT, 
RECEIVE-AUDIO and TRANSMIT-AUDIO. Neil and 
I found that there were times when we needed to iso¬ 
late the PK-1 and the transceiver from the outside 
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world for checks or experimentation. 

Refer to the schematic (fig. 2) while reading the 
next few paragraphs. Note that R6 is optional. If the 
PK-1 packet audio to the transmitter can't be suffi¬ 
ciently reduced by R30 on the PK-1 board, then R6 
can be inserted. The value can be determined ex¬ 
perimentally. More than likely, however, it won't be 
needed, so it can simply be jumpered out. 

R7 is also optional. We obtain receive audio for the 


fig. 3. Bottom view of the interface PC board. The pins of 
the PC card edge connector are soldered to the contact 
fingers. 

PK-1 directly from the discriminator, Initially, I was 
afraid that R29 (in the PK-1) might not provide ade¬ 
quate isolation to avoid overloading the discriminator. 
Cl is also an option. Some packeteers claim that oper- 
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fig. 5. C-64/PK-1 interface card component placement diagram. 
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ation is more reliable if the high frequency components 
of the receive audio are rolled off. The values for base 
resistors R1-R4 are not critical. I used 10 k, but any 
value from 3.9 k to 15 k worked just as well. 

At first we had a tough time finding a proper 12/24 
pin, 0.156-inch pc edge connector to mate with the 
C-64 user port. The initial version of the interface board 
uses a connector that was cut to length with a hand¬ 
held jigsaw. Later, Terry McGraw, WA2UDG, discov¬ 
ered that Tl makes one that's an exact fit (see parts 
list). 

connections 

The PK-1 requires 12 volts at 200 milliamperes. The 
simplest source is the transceiver with which the PK-1 


will be used. After etching and drilling the pc board 
(figs. 4 and 5), connect the ribbon cable to the "IDC" 
(Insulation Displacement Connector) cable plugs for 
J1 and J2 on the rear of the PK-1. (IMeil and I bought 
the connectors and the cable from GLB when we 
ordered the PK-ls.) Strip the other end of the ribbon 
cable conductors; before soldering them through the 
pc board holes, however, make sure that the ap¬ 
propriate conductor from the plug goes to the correct 
pc board hole. Double-check against the pin-out illus¬ 
tration in the GLB PK-1 owner's manual. (On the origi¬ 
nal version, the ribbon cables from the PK-1 terminate 
in DIP headers and plug into 1C sockets on the board.) 

The umbilical to the transceiver is next. You'll have 
to decide how to access the + 12 volt bus, PTT, audio- 
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C-64/Pk-i INTERFACE 


PK-l ftEAR TERMINALS 



/ GROUND 

2 DATA - IN 

3 DATA-OUT 

4 RTS-IN 

9 *3v OUT 


i GROUND 

3 SQUELCH 

4 * t?V IN 

5 RECEIVE AuOfO 

6 TRANSMIT AuDtO 
a PTT OUT 

9 RESET 
10 GROUND 


TO C~64 USER PORT 


fig. 6. Interconnection diagram ties transceiver, interface and C«64 together. 


in, and audio-out on your rig. Ben Spieker, WB2YSJ, 
kindly milled five fins from my Azden PCS-2000's heat 
sink and bored a 5/8-inch hole for a multipin connec¬ 
tor. Note that there's a seventh conductor on the pc 
board labeled "Reset" (fig, 6). It's there if you want 
or need an external connection to the PK-1's reset line. 
Solder the lower (foil side) pins of the edge connec¬ 
tor to each of the 12 "contact fingers" etched on the 
underside of the pc board. For mechanical strength, 
you could flow 5-minute epoxy or hot glue between 
the top pins and the component side of the pc board 
or use a couple of threaded spade lugs from the con¬ 
nector mounting holes to the pc board. 

operation 

Before applying power, check for any wiring errors. 
With power off, plug the interface cable into the trans¬ 
ceiver. Turn on the transceiver, and with a voltmeter, 
check to see if +12 volts exists on pin 4 of J2. You 
should be able to key the rig by grounding the PTT 
line. A spope should indicate noise on the receive- 
audio line. (If you are picking off from the discrimina¬ 
tor, 25 to 50 millivolts of noise will be present under 
no-signal conditions.) Turn power off and plug the ca¬ 
ble connectors (J1 and J2) into the back of the PK-1. 
Make absolutely sure the plugs go to the correct lo¬ 
cationsI Since they're identical and nonpolarized, it's 
a good idea to mark which is which to make sure 
they're not swapped or installed upside downi 

Make sure all four DIP switches on 81 are open, 
then turn on the power. The LED on the front of the 
PK-1 should light. (Note, so that you don't go crazy, 
when you input +12 volts via J2, the PK-1 front pan¬ 
el on-off switch is bypassed and has no effect) 

Remove power and plug the interface board (com¬ 
ponent side up) into the user port on the rear of the 
C-64. Turn on the computer, the transceiver, and the 
PK-1. Load whatever terminal program you wish to 
use for packet radio. (Neil and I have used a series of 


programs including SuperTerm , Vidtex 4.0, and the 
Texas Packet Radio Society's TNC64 . 

Once the program is running and you have packet 
traffic coming through the receiver, close the DIP 
switch that interrupts incoming audio. Packet traffic 
passing by should begin showing up on the computer 
monitor screen. Make sure the PK-1 is not in any of 
the following modes: 00 ( display only connected 
packets ); OA (display only stations with specified call 
signs) or OQ (store the packets in the PK-1 RAM). If 
you're in any of these modes, no passing traffic will 
appear on the screen. 

To test transmit, close the audio-out and PTT DIP 
switches and connect with a friend or with yourself 
through a local digipeater. 

As good as it is, the PK-1 has no output timer to 
prevent a mishap from locking the transmitter on the 
air. WA3EZN and I have designed 6ne we call the 
"Packetimer"; it's described in the following article. 


monitor squelch status 
with “Back off" 

"Back-off" (Pin J2-3) permits the PK-1 to moni¬ 
tor the squelch status of the receiver. If the "back¬ 
off" pin is pulled LOW by a signal other than one 
from a packet station, the PK-1I is inhibited from 
transmitting. Without "back-off," the PK-1 and 
other TNCs ignore the presence of other non¬ 
packet signals and will transmit right over them. The 
interface has a transistor inverter (05) because the 
unsquelched signal from my transceiver (an Azden 
PCS-2000) is a HIGH. 

Back-off is especially helpful where packet and 
fm phone operators attempt to coexist. It isn't as 
important if the channel is exclusively packet be¬ 
cause TNCs are always inhibited from transmitting 
if they "hear" another packet signal. 
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“packetimer” for the PK-1 


Handy circuit 
prevents lockup 

In the previous article we described an interface 
circuit that allows the GLB PK-1 TNC to work with 
a Commodore 64. Soon after we put that combina¬ 
tion into operation, one fact became obvious: the PK-1 
has no fail-safe method of preventing accidental, long¬ 
term key-up. Amateurs not on packet may not realize 
the implications of this, but when it happens, your 
TNC "hears" the carrier of another packet station on 
the channel and automatically prevents the other 
transmitter from going on the air! 

One evening, for reasons still unknown, my PK-1 
locked up and sent 25 watts of rf through an 
11-element beam for several hours. An unknown num¬ 
ber of packet stations in the North Jersey/New York 
City area were suddenly struck dumb. No doubt their 
operators cussed out the dingbat whose carrier was 
blanketing 145.010. (If you were affected, my sincerest 
apologies!) 

That's why we devised the Packetimer (see fig. 1), 
which is designed to go into action if the transmitter 
is on the air continuously for a length of time that ex¬ 
ceeds the time-out period. Using the suggested corn- 



fig. 1. Side view of PK-1 with Packetimer installed. The wires 
from the PC board plug go to SI, CR6, +5v and the base and 
collector of PK-1 keying transistor, Q3. 


I ponent values, the device permits transmissions lasting 
up to about 30 seconds. Since 99 percent of the packet 
transmissions last well under 10 seconds, plenty of lee¬ 
way is permitted, but a lockup (such as the one that 
occurred at this station) is no longer a threat. 

operation 

The Packetimer monitors the push-to-taik line from 
the PK-1 to the transmitter. Whenever the PK-Vs key¬ 
ing transistor, Q3, pulls the PTT line LOW, U1 (the 
4060 oscillator/14-stage binary counter) is activated 
through CR1 (see fig. 2). 

The suggested values for Cl, R2, and R3 yield a 
clock frequency of approximately 15 Hz. Within U1, 
the clock pulses are sent through a series of 14 flip- 
flops. Each flip-flop divides the incoming pulse train 
by a factor of two. In normal operation, the counters 
in U1 remain at zero because RESET (pin 12) is held 
HIGH through pullup resistor R1. Only when the PTT 
fine goes LOW (transmit mode) can the flip-flops oper¬ 
ate. The counters in U1 are reset to zero at the end 
of every transmission when the PTT line goes HIGH 
again. 

However, in the event of a lockup condition, the 
counters keep going until the Q output to which CR2 
is connected goes HIGH. When that happens, latch 
U3 is SET and its Q output (pin 2) goes HIGH. The 
HIGH from pin 2 of U3 does two things: it turns on 
G1, which puts a stranglehold on the base of the 
PK-1's keying transistor, Q3. That takes the transmit¬ 
ter off the air and keeps it off. U3's output also turns 
on CR6, the blinking LED, and U4 (555) so that a con¬ 
tinuous tone warns the station operator of the lockup 
condition. 

The Packetimer must be manually reset via SI be¬ 
fore the packet station can transmit again. With the 
recommended values for Cl, R2, and R3, and with 
CR2 connected to pin 1 (Q12 output) of U1, the trans¬ 
mitter can remain on the air for about 30 seconds be¬ 
fore the Packetimer goes into action. Coarse divider 
increments (doubling or halving the time) can be 
achieved by shifting the jumper wire from CR2 to the 
next higher or lower Q output on UV 

John B. Meagher, W2EHD/ex-W8JGN, 27 

Fourth Street, Closter, New Jersey 07624 
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fig. 2. Packetimer schematic. 



The Packetimer beeps for about half a second 
whenever the PK-1 triggers the transmitter to send a 
packet. If the muted '"tweet" from inside the PK-1 case 
gets on your nerves, simply ground pin 13 on U2 to 
shut it off. Don't worry; even if you decide to mute 


the beep, if the Packetimer is triggered, the continu¬ 
ous alarm will sound. 

The purpose of C2 (between the + 5-volt bus and 
the SET pin on the U3 latch) is to ensure that the Pack¬ 
etimer is latched ON (timed-out mode) at power-up. 
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fig. 4. Packetimer PC board component placement diagram. 
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04 
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This eliminates the possibility that a power glitch might 
wipe your terminal program from the computer and 
latch the transmitter on the air. 

construction 

The pc board (figs. 3 and 4) is straightforward. 
Note, however, that to avoid going to a double-foil 
board layout, three jumpers must be installed on the 
component side. Note, too, that R11 (820 ohms) is 
optional. If you use the Radio Shack blinking LED or 
the one from Marlin Jones, R11 is then replaced by 
a jumper. The devices contain their own current- 
limiting circuitry. If you install an ordinary LED, R11 
must be installed to limit the LED current to a safe lev¬ 
el. Both CR6 and SI (the Packetimer manual set/reset 
switch) are added to the PK-1 front panel. 



fig. 5. Front view of the PK-1 shows the added switch (SI) 
and LED (CR6). The packetimer is unplugged from the cable 
harness to show the Radio Shack transducer which is held 
to the PC board by a couple of dabs of hot glue. If the trans¬ 
ducer from Marlin P. Jones is used, it can be soldered directly 
to the PC board. 

connections 

Two connections must be made to the PK-1 key¬ 
ing transistor, Q3. The first goes to the collector of 
Q3. This is where the Packetimer monitors the PTT 
line. The second connection is to the base of Q3 from 
the Packetimer's key-inhibit transistor (Q1). The 
ground connection on the Packetimer goes to the 
ground foil on the PK-1. The LM7805 voltage regula- 
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tor IZ6) in the PK-1 is a convenient 
source for the t- 5 volts needed by the 
Packetimer. With the GLB board edge 
terminals facing away from you, the 
< 5-volt output terminal is the one on 
the right-hand side, !f there's any un¬ 
certainty, it's easy to double-check 
with a voltmeter while the GLB is po¬ 
wered up. You'll find + 12 volts on one 
side, zero volts (ground) on the mid 
die terminal, and i 5 volts on the other 
side. 

installation 

There are a number of options for 
mounting the Packetimer in the PK-1. 
A small piece of double-sided foam 
tape works well to attach the pc board 
to the top of one of the 6116 RAM 
chips The circuit pads for external 
connections to the Packetimer are on 
0,1 inch centers to facilitate a plug and 
harness installation (see fig, 51. If the 
Packetimer is removed, there's no ef¬ 
fect on the operation of the PK-1 other 
than loss of the time-out protection. 

testing 

You can check the completed Pack¬ 
etimer on the bench. Connect ground 
and I 5 volts, LED CR6 should start 
to blink and a steady tone should come 
from the transducer. If you short the 
pin that goes from the arm of the reset 
switch (SI) to the reset pin, the flash¬ 
ing and the noise should stop. With 
power still applied to the Packetimer 
board, ground the pin that will be con¬ 
nected to the push-to-talk line. It 
should give you a brief beep. Next, 
hold the PTT pin low with a grounded 
alligator clip and see how much time 
it takes for the alarm to go off. If the 
anode of CR2 is wired to pin 1 on U1 
(4060), the Packetimer should sound 
the alarm in roughly 30 seconds. 
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New Bootstrap Industry Lets You Be 
Your Own Boss 

Since the breakup of AT&T, tilings aren't the 
same in the telephone business. New there's a 
perfect new business opportunity lor 
thousands of independents who have been 
trained to service, install and repair old 
phones, plus all the new cordless mid cellular 
mobile car phones, that arc becoming more 
and more popular. NR! s training and start-up 
equipment offer you the option of starting 
your own tx>i)tslrap business or cashing in on 
the jobs being created by the new telephone 
technologies. 

NRI shows you how you can make a 
good living in telephone servicing, with a 
practical combination nl electronic funda¬ 
mentals and hands-on experience with all 
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Learn troubleshooting—with cordless 
and memory phones you heepl 
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Send coupon for FREE catalog 

Find out lor yourself exactly what this new 
NRI training can do for you. NRI’s free catalog 
gives you all the facts on training for 
telephone Servicing & Repair or other 
technical fields such as Microcomputers, 

TV/Audio/Vkleo System Servicing and Com¬ 
munications Electronics. If coupon has txrcn 
removed, write to NRI Schools, 3939 Wiscon¬ 
sin Ave., Washington, DC 2001 & 
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PRACTICALLY SPEAKING .../= fe' 


building the 
"poor man's 
spectrum analyzer" 

In September 1986 an exciting arti¬ 
cle on spectrum analyzers appeared in 
ham radio ("Low-Cost Spectrum Ana¬ 
lyzer With Kilobuck Features," page 
82). Having been in both communica¬ 
tions servicing and engineering school, 
I'd used spectrum analyzers, but never 
owned one. (Most professionals can't 
afford them.) I once considered pur¬ 
chasing a plug-in spectrum analyzer to 
fit our existing biomedical electronics 
laboratory oscilloscope mainframe, but 
it cost over $12,000! Then came 
W4UCH and his article on the very af¬ 
fordable WA2PZO/Science Workshop 
"Poor Man's Spectrum Analyzer." 1 I 
decided to build my own spectrum 
analyzer. 

The WA2PZO concept is based on 
the fact that modern TV tuners, espe¬ 
cially the "cable-ready" variety, are 
varactor-tuned. The familiar switched 
inductor tuner is replaced by a voltage- 
tuned varactor oscillator. Two types 
are available: one, which was used in 
the W4UCH article, has separate low- 
VHF, high-VHF, and UHF bands. A 
switch is used to select band coverage. 
The second is a wide-range "cable- 
ready" tuner that tunes from low VHF 
through UHF television bands in one 
0-35 volt (some are 0-30 volt) range. 
Obviously, if you can modulate the 
tuning voltage with a sawtooth wave¬ 
form (see "Practically Speaking," 
January, 1987, page 89), then you 
have a swept tuner. Demodulate its 


amplified i-f output and display it on 
a 'scope, and you have a spectrum 
analyzer. Sheer genius! I bought both 
forms of tuner from Science Work¬ 
shop; fig. 1 shows the cable-ready, 
wide-range model.* 



fig. 1. Wide range. L-VHF/H-VHF/UHF, 
voltage-tuned "cable ready" TV tuner 
used by the author. 



fig. 2 WA2PZO/Science Workshop i-f 
board built into shielded box. 


•WA2PZO. Science Workshop, P.O, Box 393. Beth 
p.iijc\ New York t1714 


The i-f board used in the W4UCH ar¬ 
ticle and sold by Science Workshop is 
shown in fig. 2. The term "i-f" used 
here actually means a fixed frequency, 
single-conversion superheterodyne fm 
receiver tuned to 45.75 MHz (the 
tuner's i-f output frequency), and 
down-converted to the standard 10.7 
MHz used for fm receiver i-f amplifi¬ 
ers. Because the i-f strip is actually a 
single-conversion receiver, the overall 
spectrum analyzer is a dual-conversion 
superhet. In fact, it can be used as a 
VHF receiver if the sweep is turned off 
(see Sweep On/Off in fig. 3). 

The literature that came with the i-f 
board suggested that it be well shield¬ 
ed, and that feedthrough capacitors be 

used on all leads except the i-f input. 

* 

The shielded enclosure is a standard 
chassis box with foldover flanges. Be¬ 
ware of many "shielded boxes" now 
on the market. The flanged type 
shown in fig. 2 is minimally accepta¬ 
ble for shielded projects. The type of 
box that doesn't have overlapping 
flanges isn't acceptable at all. Some 
LMB boxes use little dimples on each 
edge for support, so they won't pro¬ 
vide adequate shielding for most rf 
projects. While they're fine for audio 
and DC projects, they leave a great 
deal to be desired at rf. 

Being an "older guy" in radio, I still 
called the feedthrough capacitors by 
that name and had a difficult time find¬ 
ing them locally; it seems that they're 
now called "EMI filters." Luckily, a lo¬ 
cal number for Newark Electronics was 
listed in the Yellow Pages, so I was 
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able to buy them directly from the 
source called for in the article. 

In retrospect, “next time" I might try 
using a single connector for all leads 
other than the i-f, and 0.002-jiF disk 
ceramic capacitors on each lead at the 
connector. A good chassis-mounted 
connector costs about $5 (or less), and 
high quality disk capacitors cost only 
about 80 cents each and even less per 
unit in bargain packs. The EMI filters 
called for in the article are about $4 
each; about 12 are required. 

adding a sweep circuit 

A significant problem with the 
W4UCH article for many readers is the 
lack of a sawtooth circuit. W4UCH 
used the sawtooth output of his Heath 


OL-1 oscilloscope to sweep the tuner. 
That approach works if your oscillo¬ 
scope provides this waveform. But 
modern oscilloscopes rarely have the 
sawtooth available on the front or rear 
panels. Also, many don't have a 
horizontal input. Look at your own os¬ 
cilloscope's front panel. Some two- 
channel oscilloscopes have an “X-Y" 
mode on the vertical selector. If yours 
does, then one of the vertical channels 
can be re-configured as a horizontal 
channel at the flick of a switch. 

If you don't have a horizontal input, 
or X-Y capability, you can still build the 
“Poor Man's Spectrum Analyzer" if 
you have either an “EXTERNAL TRIG¬ 
GER" input (most 'scopes do) or a 
“TRIGGER GATE" output. The form¬ 


er allows an external signal, such as 
the falling edge of an external saw¬ 
tooth, to trigger the sweep. The latter 
outputs a narrow pulse every time the 
oscilloscope triggers. By allowing the 
'scope to self-trigger, you get a string 
of pulses that can be used to trigger 
certain types of sawtooth generators. 

Science Workshop makes a board 
available (fig. 3) that can be used for 
generating and controlling an external 
sawtooth. Although it suffices at this 
point, I'm not totally happy with the 
design. As I see it, there are two prob¬ 
lems (see fig. 4): first, the sawtooth 
isn't very linear (see fig. 4A), and its 
fall time is too long. Second, the saw¬ 
tooth clips at various settings of the 
center frequency and sweep rate con¬ 
trols. Perhaps in the future I'll find time 
to re-design these circuits, but for now 
the sawtooth board is satisfactory. 

dc power supply 

The Poor Man's Spectrum Analyz¬ 
er requires a two-voltage, single¬ 
polarity dc power supply: +12 VDC 
and +24 VDC. The schematic diagram 
of a power supply that meets these re¬ 
quirements is shown in fig. 5. 

I used a pair of small 12.6-VAC 
transformers (T1 and T2), with the 
primaries connected in parallel and the 
secondaries connected in series, to ob¬ 
tain the required voltage. I used avail¬ 
able components — a pair of brand-new 
Radio Shack pc-mount transformers. 
You can use instead either a 25.6-VAC 
transformer or a dual-secondary trans¬ 
former stocked by Digi-Key,* Dick 

* Digi-Key Corporation. P,0 Box 677, Thiel River Falls, 
Minnesota 56701. 
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fig. 3, Sweep board SW-6001 connections (available from Science Workshop). 



fig. 4. Waveforms from SW-6001: (A) Mid-range sawtooth, (B) and (C) are sawtooths taken at extremes of CENTER FREQUENCY 
and SWEEP RATE controls. 
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fig. 5B. DC power supply schematic. 



fig. 5A. DC power supply: top view of perf- 
mounted assembly. 

Smith Electronics/" 1 and other distri¬ 
butors. The current requirements for 
this project aren't critical, so almost 
any transformer with a rating of 300 
mA or more is acceptable. 

Two three-terminal 1C regulators are 
used in this project. The 7824 (also us¬ 
able: LM-340T-24) provides the need¬ 
ed + 24 VDC, while a 7812 (or 
LM-340T-12) provides the +12 VDC. 
Both regulators are standard, but I 
found that the 7824 was a little hard 
to find locally. The NTR line of replace¬ 
ment semiconductors, stocked by 
many local distributors, carries a good 
replacement number. 

There's nothing critical about the 
parts layout, and perf board can be 
used for construction. The diodes 
(CR1 and CR2) are used to prevent the 
charge in the output capacitors from 
damaging the voltage regulators at 
turn-off. Don't delete them, even 
though you may see many circuits us¬ 
ing these regulators without charge 
dump diodes. The shielded construc¬ 
tion and the 0.1 -jtF output capacitors 
are needed because one might be us¬ 
ing this device in close proximity to a 
high-power transmitter. The capacitors . 
must be mounted on the output ter¬ 
minal, or at least as close as physical¬ 
ly possible. 

performance 

Figure 6 shows an oscilloscope 

“Dick Smith Electronics, P.O. Box 8021, Redwood 
City, Calilornia. 94063-8021, 


photo of the spectrum analyzer dis¬ 
play. The center frequency was adjust¬ 
ed to the low end of the fm broadcast 
band. The large center spike is the sig¬ 
nal from my Measurements Model 80 
signal generator set to approximately 
85 MHz. The small spike to its right is 
WAMU-FM (88.5 MHz), my favorite 
public radio station; the other spikes 
are other fm band signals. The large 
signal barely visible on the left side is, 

I believe, Channel 5 TV in Washington, 
DC. 

Those who don't have a horizontal 
input must use the sawtooth to trig¬ 
ger the sweep through the EXTERNAL 
TRIGGER input. I recommend using 
the negative trailing edge of the saw¬ 
tooth waveform for this purpose (set 
TRIGGER SLOPE — or equivalent 
switch — to the negative position). 
Also, be sure to make the sweep time 
across the entire horizontal aspect of 
the 'scope graticule equal to the peri¬ 
od of the sawtooth leading edge. 
Otherwise, the 'scope and sawtooth 
won't sweep in sync. 

future projects 

The spectrum analyzer project has 


given me a few ideas for changes or 
improvements. First, I plan to re¬ 
design the sawtooth generator (possi¬ 
bly generating the sawtooth digitally). 
Second, I plan to add an amplifi¬ 
er/attenuator based on Mini-Circuits 
fixed attenuators and a Signetics 
NE-5205 amplifier. 1 The range will be 
-60 to + 19 dB. Third, there may be a 
converter for hf, and tuners to band- 
limit the spectrum analyzer at will to 
certain VHF Amateur bands. This 
modification will punch out certain lo¬ 
cal signals that tend to drive receivers 
into intermod problems at my QTH. 
Fourth, WA2PZO is working on a 
tracking oscillator circuit, and in fact 
has a tentative approach to its design. 
A tracking oscillator produces an out¬ 
put at the spectrum analyzer's center 
frequency. Besides its obvious use as 
a signal source, it's also useful for driv¬ 
ing a frequency counter. Presently, 
tuning indication is by seat-of-the- 
pants calibration of the voltage con¬ 
trol. I plan to buy the WA2PZO track¬ 
ing oscillator kit if, and when, it 
becomes available. 3 

Varactor tuners are inherently non¬ 
linear in their voltage-vs-frequency 
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Ferrite Rods, Pot Cores, Baiuns, 
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fig. 6. FM broadcast band signals from my 
spectrum analyzer project. Central spike is 
a signal generator on 85 MHz ( ± 25-year-old 
dial calibration}. 

characteristic and the resulting curve 
looks parabolic in shape. Digitally 
generating the sawtooth signal is a 
worthwhile consideration. If you want 
to try it yourself, write to me and I'll 
send you a brief on the method. 
(Please enclose a No. 10 SASE.) A 
very brief discussion of the digital 
linearization method is given on pages 
300-302 of my book. How to Design 
and Build Electronic Instrumentation? 
Although my method is based on dis¬ 
crete logic circuits, it can easily be ap¬ 
plied to digital computers should you 
want to provide computer control of 
your spectrum analyzer. 

conclusion 

WA2PZO deserves accolades (and 
our business) because of the Poor 
Man's Spectrum Analyzer project, 
which offers opportunity for ex¬ 
perimentation in areas previously 
closed to Amateurs solely for reasons 
of cost. If you have an idea for its use, 
a new or different modification, or a 
particularly well-built version of the 
W4UCH/WA2PZO project, send me 
the details. 
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ville, New Hampshire 03048. Add $3.50 slapping and 
handling for HR Bookstore orders.) 

3. For ideas on building your own. see also Wayne 
Ryder's “Spectrum Analyzer Tracking Generator," ham 
radio, September, 1978, page 30, 
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FORECASTER 

Garth stonehocker, K0RYW 


equinox problems 

Most of the year, strong, stable DX 
reception occurs when one operates 
close to the MUF (maximum usable 
frequency). There are, however, two 
seasons during which the ionosphere 
doesn't "cooperate." These are the 
equinoctal periods (from March through 
April and from September through 
October), when the Earth's geomag¬ 
netic field is anything but stable. 
This field guides ion diffusion and drift 
from the D, E, and lower F layers 
(where ionization occurs) up to the 
higher part of the F layer, the main re¬ 
gion used for DX. 

The geomagnetic field's variability is 
related to the characteristics of the 
solar wind. Variations in solar wind 
particles streaming out from the sun 
are passed on to the geomagnetic 
field. This in turn affects the ion¬ 
osphere's ions and electrons — and, 
consequently, the propagated signals. 

It's the alignment of the Earth's 
polar regions to the sun's spiraling so¬ 
lar wind (see fig. 1) that makes the 
equinox seasons troublesome. Subse¬ 
quent ionospheric variations influence 
a signal's azimuthal and elevation an¬ 
gle of arrival as well as its amplitude 
and phase. 

Paths that have high latitude (i.e., 
greater than 50 degrees north or less 
than 50 degrees south) reflection 
points are most affected; equatorial 
regions are less disturbed. Mid-latitude 
reflection points at about 25 through 
50 degrees are the least affected and 
therefore the most stable. There is also 
a diurnal variation superimposed on 
this seasonal occurrence. This varia¬ 
tion is divided into two parts: one, a 


period from midnight to 0400 univer¬ 
sal time; and two, the period from 10 
pm to 5 am, local time. Consequently, 
nighttime (from 10 pm to 5 am) is a 
more unstable time for everyone. The 
universal time segment, on the other 
hand, is different for each location, 
depending upon where (i.e, at which 
longitude) you live. If the two time 
periods overlap at your QTH, then the 
effects of the disturbed conditions are 
even greater. Such is the case for 
Amateurs who live between 75 degrees 
East and 150 degrees West longitude; 
unfortunately, this area encompasses 
Europe and the Americas. This effect 
is particularly potent along the east 
coast of the USA. On the positive side, 
this phenomenon often lets us work 
DX from unusual locations. Check 
WWV at 18 minutes after the hour for 
geomagnetic K figures of four to sev¬ 
en as a guide to the unusual DX 
openings. 

last-minute forecast 

DX conditions for the higher fre¬ 
quency bands, 10 through 30 meters, 
are expected to be excellent toward the 
end of the first week and through the 
second week of March. The favorable 
conditions are partly due to transequa- 
torial openings at southeast through 
southwest headings. 

From about March 6 through the 
10th, expect some increase in solar 
flare SIDs (sudden ionospheric distur¬ 
bance), which will appear as increased 
attenuation of signals for up to an hour 
during the daytime. A geomagnetic 
disturbance (signal attenuation and 
QSB, mainly at night) can be expect¬ 
ed two to three days later. The same 


situation will occur during the third 
week of the month. The lower bands 
are more affected by these distur¬ 
bances, but are still expected to be 
very good for evening and nighttime 
DX the third and fourth weeks of the 
month. Some thunderstorm QRN can 
be experienced as springtime weather 
fronts pass your QTH. Spring equinox 
occurs on March 21st at 0352 UTC. 
The moon is full on the 15th and at 
perigee on the 24th. 

band-by-band summary 

Ten , twelve , fifteen, and twenty 
meters provide many openings during 
the daytime. As you go up in frequen¬ 
cy (i.e., into the higher bands) the 
openings will be shorter, centered 
around noon, and mainly toward 
southerly directions. Fifteen meters is 
now only a transition band between 12 
and 20. Twenty meters, the mainstay 
daytime band, will be useful toward 
the south in the evenings for norther¬ 
ly directions. Transequatorial openings 
might occur in evening hours to loca¬ 
tions up to 2000 miles if antenna radi¬ 
ation angles are down to 10 degrees. 

Thirty , forty, eighty , and one-sixty . 
meters are all good for nighttime DX. 
Thirty and 40 meters are the night fre¬ 
quencies for the east-west and north¬ 
erly directions and for distances of 
1600 miles if increased solar activity 
has occurred. With little solar activity, 
the MUF will approach 80 meters and 
signals will usually be stronger. These 
bands should generally be quiet, since 
thunderstorm activity is still not pro¬ 
nounced. 
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REVIEW 


OPTO 1.3 GHz shirt pocket 
frequency counter 

A friend has something he calls his "$4000 gut- 
busier." A sixties vintage 1~MHz Beckman- 
Berkeley nixie tube digital frequency counter, it 
claims a fair plot of acreage in his closet-sized 
ham shack, sitting atop a $2000 gutbuster and 
supporting a $5000 gutbuster — all treasures ac¬ 
quired, long past their prime, for a few dollars 
each at some long-forgotten flea market. 

For those of us who grew up with solid state 
equipment (and therefore lake it pretty much for 
granted), OPTO's new 1,3 GHz shirt pocket fre¬ 
quency counter is impressive in terms of size 
(3-1/2 x 4 x 1 inches), cost ($99.95 in kit form), 
maximum frequency 11.3 GHz), and sensitivity. 
For our friend, it's nothing short of miraculous. 

Operating from either ac or a 9-volt internal 
rechargable NiCAD battery pack, the Model 1300 
covers 1 through 1300 MHz. Though we didn't 
have the opportunity to check it out on the 
1296-MHz band, it worked like a champ on 2 
meters and hf. 

The OPTO counter sports two switch-selected 
sensitivity ranges. In the high range with the op¬ 
tional telescoping antenna attached, from end 
gain causes a continuous spurious count that's 
easily identified by the randomizing of the three 
or four least significant digits. In the presence 



the OPTO counter are excellent. Housed in a 
sturdy anodized aluminum case — which, by the 
way, you don't have to open to adjust calibra¬ 
tion — it has endured several months' careless 
handling without complaint. Eight bright red 
0.28-inch LEDS make reading it easy, even un 
der a variety of difficult lighting situations. 

Priced at $150 assembled, it's also available 
in kit form for $99,95. Both the finished unit and 
kit include NiCads and a 110 VAC/9 VDC adapt 
er for ac operation and charging. Optional ac 
cessories include a carrying case, probe, and the 
abovementioned telescoping antenna. 

For details, contact OPTOelectonics, Inc,, 
5281 Northeast 14th Avenue, Fort Lauderdale, 
Florida 33334. 

- KA1LBO 

Circle /301 on Reader Service Card. 
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orbital predictions 

Project OSCAR, Inc. is preparing a new set 
of orbital predictions for 1987. The predictions 
will provide the UTC times and longitude for all 
south to-north equatorial crossings of the two 
active Russian satellites carrying Mode A trans¬ 
ponders (RS5 and RS7), the two University of 
Surrey-AMSAT scientific satellites (09 and Oil), 
and the recently launched JARL/JAMSAT sat 
ellite, JAS-1, recently renamed Fuji OSCAR 12 
(F012), which carries both analog and digital 
Mode J transponders. 

Used with the appropriate plotter, these pre¬ 
dictions allow the user to determine the access 
times to all presently available Amateur Radio 
satellites. The cost in the U.S., Canada, and 
Mexico is $10 ($12 for overseas). 

For details, write Project OSCAR Inc., P.O. 
Box 1136, Los Altos, California 94023 1136. 

Circle #311 on Render Service Card. 


of even a weak signal (i.e., for a counter), the 
count stabilizes and you know the unit's work¬ 
ing. In one quick test, the counter performed 
faultlessly on a handheld unit pushing 500 mW 
into a rubber duck over distances up to about 
50 feet through an exterior (wooden) wall. 

In addition to two sensitivities (with accura¬ 
cy said to be within ± 1 count LSD. thanks to 
an RTXO time base), the counter offers two gate 
periods, 0.25 and 2.5 seconds. (As with any 
counter, if the source either comes on or goes 
off during the gate period, the count will be in¬ 
correct). 

Both the mechanical and electronic quality of 


6- and 8-pole crystal filters 

IRI has announced the addition of 14 new 6 
and 8-pole crystal filters designed for both gener¬ 
al experimental use and for use in recent Ken 
wood and ICOM hf transceivers and receivers. 
These filters vary in bandwidth from 250 Hz to 
2.2 kHz. Kenwood and ICOM filter models range 
in price from $99 to $125. The 6-pole ex 
perimenter's filters are priced at $50; the 8 pole 
filters, $60. 

For details on models and specifications, con 
tact International Radio. Inc. t 747 South Mace 
do Boulevard. Port St. Lucie. Florida 33452. 

Circle #310 on Reader Service Card. 


SPECIALISTS 

IN FAST TURN 

P.C. BOARDS 


PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 

• SINGLE & DOUBLE SIDED 

• PLATE THROUGH HOLES 

• TEFLON AVAILABLE 

• P.C. DESIGN SERVICES 

FOR MORE INEORMA TtUN 136 _ 

■mi /Midland 
M* ■ Technologies 

34374 EAST FRONTAGE ROAD 
BOZEMAN. MT 59715 (406) 586-1190 




SERVICE CENTER 

lor 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER Lie 

Mon-Fri 1 6:00-4:00 pm 

( 206 ) 776-8993 


PACIFIC RIM 
COMMUNICATIONS 


Bob KG7D 

23332 58th Ave. West 
Mounllake Terrace, Wa 98043 
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AMATEUR RADIO MAIL LISTS 

Sell-slick 1x3 labels 

*** NEWLY LICENCED HAMS *** 

*** ALL NEW UPGRADES *** 

*** UPDATED EACH WEEK *** 

Total List = 462,728 (2IP sorted) 

Price is 2 5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 23117 

703:894-5777 ^ 198 
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ultra-compact VHF 
transceiver 

ICOM's new IC-275 is a new ultra-compaet all¬ 
mode VHF transceiver that's jam-packed with 
all the most wanted features. It boasts 25 watts 
I the IC-275A includes a built-in power supply) 
or 100 watts (IC-275H with an external optional 
power supply) output, 99 tunable memories, 
wideband receive coverage from 138-174 MHz 
(Tx from 140.100 150.000 MHz), 32 built-in 
subaudible tones (actual subaudible frequency 
is displayed), odd offset capability, and a call 
channel. 

/ Ideal for satellite operation, it also features 
full scan of the entire frequency spectrum, pro 
gram scan, memory scan (20 memories in only 
1 second), memory lock-out in scan function, 
and mode scan. 

The packet-compatible IC-275 incorporates a 
data switch for 5 ms switching time, a new 
velvet-touch tuning knob, and an easy-to-read 
amber LCD readout. It comes ready to operate 
with an HM 12 up/down scanning mic and dc 
cord. 

Options include a tone squelch unit, speech 
synthesizer, a module for OSCAR operation that 
allows tracking with its new IC-475 UHF com 
panion and an FL 83 500 Hz 10.7491 MHz CW 
filter. The AG 25 mast-mounted preamp is also 
available. 

The 1C 275A is priced at $1199. 

ICOM America, Inc., 2380 — 116 Avenue, N.E., 
P.O. Box C 90029, Bellevue, Washington 
98009-9029. 

Circle 1309 on Reader Service Card. 


international satellite 
receiver 

The AVCOM COM-3R International is a high 
performance receiver designed for easy opera¬ 
tion plus powerful and versatile earth station re¬ 
ceiver capabilities. 

Special threshold extension circuitry is used 
in the COM-3R International to enable it to pro¬ 
duce high-quality video, even in the fringes of 
a satellite footprint. For international reception, 
optional threshold peaking and selectable triple 
i-l filters, optimized for this purpose, are 
available. 

For details, contact AVCOM of Virginia Incor¬ 
porated, 500 Southlake Boulevard, Richmond, 
Virginia 23236. 

Circle /302 on Reader Service Card. 


hand set and phone patch 

NCG's Hotline 107 Hand Set, developed in re¬ 
sponse to requests from both Amateurs and 
Land Mobile radio users, includes the following 
features: a dynamic 100 ohm speaker, adjusta¬ 
ble volume control, in cradle dialing, vertical or 
horizontal mounting, and a noise-cancelling 
microphone. Model 107M's features include all 
of the above plus auto-dial, 10-number memo¬ 
ry, super-capacitor-based 14-day memory back¬ 
up, plus 3-button memory set, storage, and 
recall. ANI is installable by the system's owner. 

Features of the new Hotline-007 MK III, al¬ 
ready one of the best selling phone patches, in¬ 
clude all-mode operation (a~m, fm, SSB), easy 
hookup (no internal wiring is required to the 
base), a dial restrict switch (to inhibit 0 and 1, 
preventing unauthorized long distance calls), and 
owner-programmable access code and CW ID. 

New features include a manual connect/dis¬ 
connect switch. More importantly, the MK III is 
switchable from simplex to full duplex, which 
greatly improves the quality of phone conver¬ 
sations and increases the Hotline's versatility. Be¬ 
sides use as a phone patch, it can be used as 
a repeater interconnect and a quick field mini- 
repeater. 

Both units are available through independent 
dealers or through the manufacturer. For details, 
contact NCG Company, 1275 N. Grove Street, 
Anaheim, California 92806. 

Circle 1308 on Reader Service Card. 


KDK FM-240 
service manuals 

Service manuals for the Encomm FM-240 are 
now available. The technical manual — plus an 
updated version of the owner's manual, 
schematic diagram, and board layouts — are in¬ 
cluded in a hardbound notebook for easy access. 
The suggested retail price is $15.95. 

For details, contact Encomm, Inc., 1506 Cap¬ 
ital. Plano, Texas 75074. 

Circle 1320 on Reader Service Card. 


pocket digital multimeter 

Eaglestone, the new direct marketing division 
of Siher Hegner North America, offers a card- 
size digital multimeter with increased voltage and 
ohm ranges to 500 volts ac/dc and 20 megohms, 
respectively. Model DM1000 folds to approxi¬ 
mately 4.5 x 3 x 0.5 inches and weighs only 3 
ounces. 

Complete with velcro-attached probes, the 
DM1000 offers 0.7 percent basic dc accuracy, 
autoranging, diode testing and an easy to-read 
LCD. During wiring checks, a tone sounds to in¬ 
dicate continuity. A single rotary switch immedi¬ 
ately accesses all functions - dc or ac volts, 
ohms, and continuity/diode. 
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Model DM1000 sells for $35 with a risk-free, 
30 day money-back return and a full one-year 
warranty. For details, contact Eacjlestone, 5 
Landmark Square, Stamford, Connecticut 
06901. 

Circle #30? on Reader Service Card, 

service monitor 

CT Systems of Beech Grove, Indiana, has in 
troduced the Model 3100 Communications Serv 
ice Monitor, which includes such features as 
duplex/offset generation, spectrum analysis, 
sweep testing, filter alignment, cellular testing, 
and tone/digital signalling — all in a lightweight, 
compact unit. Simple to operate, the unit offers 
built-ip "real time" self-diagnostics, SINAD, dc 
and ac oscilloscope, RMS ac voltmeter, DTMF 
and digital coded squelch, and other features. 
Priced at $9,650, the 3100 can store 20 complete 
sets of instrument parameters, allowing radio 
data and various test conditions to be saved into 
memory. 

For details, contact CT Systems, Inc., 5245 
Hornet Avenue, Beech Grove, Indiana 46107. 

Circle #303 on Reader Service Card. 


new rf power meter 

Bird Electronic Corporation has announced the 
release of its Model 4421 RF Power Meter, a 
programmable, microprocessor-based instru¬ 
ment which measures forward and reflected rf 
power, VSWR, and return loss in watts or dBm, 
The model 4421's accuracy is ±3 percent of the 
reading. The 4421 package includes a new re¬ 
mote sensor head based on Bird's proven 
Thruline" principles for in line, unterminated 
measurements to IkW without the need for 
directional couplers or attenuators. 

The frequency range of 1.8 MHz to 1 GHz is 
covered by only two sensors for fast, flexible 
operation. Each sensor carries its own calibra¬ 
tion profile in a reprogrammable memory. Bird 
plans other sensorsto extend the measurement 
range into the milliwatt and microwatt region. 
Optional interfaces provide for remote, pro¬ 
grammed operation. Under control of a personal 
computer, the 4421 can both acquire and store 
data. Other highlights include simple front pan¬ 
el operation with push-button function selections 
and auto or manual ranging. 

The model 4421 RF Power Meter is priced in 
the $2,000-$3,000 range, depending on acces¬ 
sories. For more information on the 4421 or other 
Bird products, contact Bird Electronic Corpora¬ 
tion, 30303 Aurora Road, Cleveland (Solon), 
Ohio 44139. 

Circle #304 on Reader Service Card. 


portable communications 
service monitor 

Ramsey Electronics' new COM 3 Service 



Monitor, designed for analyzing and testing tran¬ 
sceivers in the 100-kHz to 1000-MHz range, fea¬ 
tures a programmable microprocessor memory 
that stores and recalls up to ten commonly used 
test set-ups. It covers every band and frequen¬ 
cy, and i-f parameters of 100 kHz to 1000 MHz 
in 1 kHz steps. The keyboard features program¬ 
mable offset keys that simplify frequency entry 
for duplex or repeater radios, and incremental 
step keys to facilitate receiver testing. 

The COM-3 monitor weighs less than 10 
pounds and has a built-in, rechargeable battery 
pack. A Cordura travel case with zippered pock¬ 
ets and shoulder strap is optional. 

The manufacturer's introductory list price for 
the COM-3 is $1995. For details, contact Ram¬ 
sey Electronics Inc., 2575 Baird Road. Penfield, 
New York 14526. 

Circle #305 on Reader Service Card. 


new shortwave "sloper" 

Universal Shortwave's new Alpha Delta DX- 
SWL Sloper Antenna covers medium-wave and 
all major shortwave bands, as well as the 90- and 
120-meter bands, often overlooked by dipole 
antennas. 

The overall length of the slope wire is 60 feet. 
It includes a single 50-ohm coaxial feedpoint (for 
PL259) at the apex for user-supplied 50 ohm 
coaxial lead-in. The American-made DX-SWL 
Sloper. constructed with heavy duty compo¬ 
nents and stainless steel hardware, utilizes broad¬ 
band low-0 rf choke resonators for multiband 
frequency selection. It is fully assembled and re 
quires no adjustments or "trimming"; only one 
end of the antenna needs to be elevated (25 feet 
or higher). The price is $69.95 plus $2.75 for ship¬ 
ping and handling , 

For information, contact Universal Shortwave, 
1280 Aida Drive, Reynoldsburg, Ohio 43068. 

Circle #306 on Reader Service Card. 


SAY YOU SAW IT 
IN 

HAM RADIO 


POCKET SIZED’! 

1-500 MHZ 

FREQUENCY COUNTER 
BUILT. TESTED. AND 
READY TO'GOI 

ONLY $49.95 Prepaid 


HAND HELD!' 

1-1300 MHZ 

FREQUENCY COUNTER 
BNC INPUT CONNECTOR 

ONLY $79.95 Prepaid 


PICK UP THOSE WEAK 
SIGNALS' FULLY 
ENCLOSED PA-19E HAS 
5-200 MHZ RANGE 
POWER SUPPLY OPTION 
AT NO CHARGE WITH 
THIS PREAMPLIFIER 

ONLY $24.95 Prepaid 

Wlihoul case .., S9 95 


PA-20E PRE-AMP 
FULLY ENCLOSED 
WITH A DC-5 000 MHZ 
RANGE AND POWER 
SUPPLY OPTION 

ONLY $34.95 Prepaid 

Without case .., S19.95 


Specify type of radio when ordering pre-amplifiers 

DIGITREX ELECTRONICS 

division of NCI West Coast: 

10073 North Maryann Cali Ray Lukas 

Northville, Ml 48167 805-497-2397 

PpkkvvM rhvrk?. nui/niy oniri* of ,»»«> 

wvtconH' Or coil >n .1 c O D PHONE (313) 343-7313 NOW t 






TUBES 

andIC’s 

FAST DELIVERY 

LOWEST PRICES 

call Toll Free ( 800 ) 221-5802 



In-depth inventory - Industrial & Beceiving Tubes 

PL259 10/4.95 
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811A 

6146B 

M2 057 
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SD1088 

2N3055 

2N6084 
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PL258 10/7.95 

UG175/ 

176 10/155 

UG255U 155 ea 
UG273 2.20 ea 


M358 

8122 

MRF450 

MRF492 

6LF6 

6JS6C 

6CA7 


2.25 ea 
130.00 

12.95 

19.95 
8.26 
7.46 
6.91 


Major Manulaclurers factory Boxed and Full line ot 
Sylvania ECC Replacement Semiconductors 

^ ^ 202 

ItCil ® SYLVANIA 


Minimum order $25.00 


Allow $3 UPS charge 


TRANSLETERONIC INC. 




Box H, 1365 39th ST., BRQ0KYLN, NY 11218 
Tel. 718-633-2800/Watts Line 800*221*5802 
FAX # (718) 633-4375 
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market 


RATES Noncommercial ads IOC per word: 
commercial ads 60C per word both payable 
in advance No cash discounts or agency com¬ 
missions allowed 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available Material should be typewritten or 
c'eariv printed (not aH capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue 

DEADLINE 15th of second preceding 
month 

SEND MATERIAL TO: Flea Market. Ham 

Radio, Greenville. N. H. 03048. 


HOT/NEW PACKET PROGRAMS FOR YOUR IBM PC. Sev 

eral telecommunications programs to choose from, especially 
written to interface your packet controller with your PC or 
compatible'clone. Features like F ull Screen, lire Screen edit¬ 
ing. Split Screens, ASCII, Binary, X Modem or user defined 
file transfers, DOS shell, Macro keys. Command Files, many 
types of time date open ID. Multi page brochures explain 
them -il Software Support. Write foi new information and 
pricing. KALt Ft ASSOCIATES, 2440 E. Tudor Hd, Suite 138, 
Anchorage AK 99507 (9071 248 0133 Charge Cards ac 
cepted 


CRYSTAL FILTERS. 9.0 MHz, 2.2 kHz bandwidth, six 
pole, with data $20.00 postpaid OI M quantity available. 
ICL/117 D V M I.C.'s direct drive 3-02 digit LED same as 
7107 plus hold, with data; $6.00. 2/510.00 postpaid Dentron 
Scout CAP transceiver. 4 MHz. 100 watts, new; $25000. 
A.C P S. $75.00 postpaid George Misic, 14481 Watt, Novelty, 
Ohio 44072 

HF WEFAX for use with most personal computers. For info 
SASE to A Ft A ENGINEERING, 2521 W. LaPalma Ave, UK. 
Anaheim. CA 92301 (714) 952 2114. 


LEARN MORSE CODE IN 1 HOUR. Amazing new easy tech 
nique. Moneyback guarantee. $10. Bahr, 2549H Temple, 
Palmbay, Ft 32905 “ 


SUPERFAST MORSE CODE SUPEREASY. Subliminal cas¬ 
sette. Moneyback guarantee $10 Bahr, 2549H Temple, 
Palmbay, FL 32905. 

TEN-TEC now shipping new-boxed USA made latest 1987 
factory models Corsair II, Century 22, Argosy II transceivers 
Tiran linear amplifier 229A 2kw antenna toner plus accessories, 
antenna. For the best Ten-Tec deal write or phone Sill Slep 
1/04) 524 7519, SLEP ELECTRONICS COMPANY, Highway 
441, Otto, NC 28763. 

WANTED Schematic for Bearcat 100 Electra, Model BC-100 
Scanner. Please contact Ralph E. Smith, 857 Rougemont, St. 
Foy. Quebec City, Canada, 


HEATH Deluxe antenna tuner Model SA2060 a beauty best 
offer. (401) 789 1817 FOB 

CHASSIS, CABINET KiTS. SASF. K3IWK, 5120 Harmony 
Grove Road, Dover, PA 17315. 

COLLINS KWM-380. Fully updated Excellent condition Full 
service manual. Write or call. W3IRE, 9436 Howes Road, 
Dunkirk, MD 207f>4. (301) 257 3041 

BACK ISSUES OF HAM RADIO Magazine from March 1968 
to June 1974, Complete your collection. Individual issues $4.00 
each. KX9P 1319) 377 3563. 

IBM/APPLE COMPUTER program "Hamlog". 18 modules 
logs auto sorts 7 band WAS/DXCC. Full feature. Also CP/M 
Apple $19.95, IBM $24.95, HR-KA1AWH, PB 2015, Peabody, 
MA 01960. 


LO COST Sensitive Selective HF receiver system. Ideal/1st 
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station set. Enhanced Novice 10/15 '40'80m coverage. Send 2 
stamps for free info f. Meqeff, KD2EF, 729 Lor* Drive #101, 
Palm Springs, FL 33461 

HOBBY, EDUCATIONAL, INDUSTRIAL PRODUCTS. 70 

kits. Amplifier, FM transistor, VU meter, door bell, alarm 
system, power supply. Send $3.00 to HOBBY ELECTRONIC, 
PO Box 1339, Claremont, NH 03743 or call (603) 543 0033. 

COLLECTORS: Have Karl Pierson KP 81 communications re 
ceiver for sale Complete system receiver, speaker cabinet and 
book. Open to offers. Cal, KL7HEM, 10300 Silver Knolls, 
Reno, NV 89506. 

IBM-PC RTTY/CW. New CompRtty II is the complete RTTY/CW 
program for IBM PC's and compatibles. Now with larger buf 
lers, better support for packet units, pictures, much more Vir¬ 
tually any speed ASCII, BAUDOT, CW. Text entry via built in 
screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskcopy, break-in buffer, 
select calling, text file transfer, customizable full screen log 
ging, 24 programmable 1000 character messages. Ideal for 
MARS and tiaffic handling. Requires 256k PC or AT compat¬ 
ible, serial port, RS 232C TU. $65 Send call letters (including 
MARS) with order. David A. Rice, KC2HO, 25 Village View 
Bluff, Ballston Lake, NY 12019. 

TRS80 4P/KANTRONICS UTU RTTY Split screen, 10 user 
Leys, file transfer Runs in Mod 4 (80 charl mode $30 to COM 
MPRO RTTY, c/o KB6IC, 3711 Gayle Avenue, Omaha, NE 
68123. 


SOLAR ELECTRIC PANELS and System Components 1st 
quality for home or repeaters. Lowest prices in country. 
KA8DSS, RADIANT DISTRIBUTORS, 3900 Dorsum, Ada, Ml 
49301. (616) 874 8899 

WA9GFR 

RF SOFTWARE $15.00 desk contains HF/VHF 
UHF/ L BAND propagation and Smith Chart impedance 
matching programs. Specify Commodore 64 or MS DOS 
BASIC. Lynn Gerig, 6417 Morgan RD, Monroeville, IN 46773. 

REMEMBER TROLLEY CARS? Trolley Treasures: The War 
time Years in New Jersey (1939 1947), a 4 volume photodoc ■ 
umentary history, includes 1600 unpublished, original 
photographs plus extensive historical notes. Volume I, The 
Compromise Roof Cars of Public Service Coordinated Trans 
port, ready now. SASE for details. To order, contact Trolley 
Themes, A.W. Mankoff, 2237-3 Wood side Lane, Sacramento. 
CA 95825. ($14 95 plus $1.50 S&H). 

UHF PARTS. GaAs Fets, MMICs, trimmers, chip caps, teflon 
peb, anti other builder parts SASE brings list. MICROWAVE 
COMPONENTS, 11216 Cape Cod, Taylor, Ml 48180 

SSSSSSUPER SAVINGS on electronic parts, components, 
supplies and computer accessories. Free 40-page catalog for 
SASE. Get on our mailing list. BCD ELECTRO, PO Box 
830119, Richardson, TX 75083 or call (2141 690 1102. 

YAESU OWNERS: Hundreds of modifications and improve 
ments for your rig Select the best from fourteen years of gen¬ 
uine top-rated Fox-Tango Newsletters by using our new 
32 page Cumulative Index. Only $5 postpaid (cash or check) 
with $4 Rebate Certificate creditable toward Newsletter pur¬ 
chases. Includes famous Fox-Tango Filter and Accessories 
Lists. Milt Lowens, N4ML (Editor). Box 15944, W. Palm 
Beach, FL 33416. Telephone (305) 683 9587 

RTTY JOURNAL - Now in our 35th year. Join the circle of 
RTTY friends from all over the world. Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15.00. Send to: RTTY 
JOURNAL, 9085 La Casita Aye., Fountain Valley, CA 92708. 

IMRA International Mission Radio Association helps mis 
sionaries. Equipment loaned Weekday net, 14.280 MHz, 2 3 
PM Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road, Larchmont, New York 10538 


RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA921V7. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... 
all types available. Large stock. Next dav delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. 
(213) 774-1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, 

shape, colors. Five patch minimum Free sample, prices and 
ordering information HEIN SPECIALTIES, Inc., Dept 301, 
4202 N. Drake, Chicago, IL 60618, 


RECONDITIONED TEST EQUIPMENT $1 .25 for catalog 
Walter, 2697 Nickel, San Pablo, CA 94806. 

COMING EVENTS 

Activities — “Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLIC¬ 
ITY COORDINATORS: Please indicate in your announce 
ments whether or not your Hamfest location, classes, exams, 
meetings, flea markets, etc., are wheelchair accessible. This 
information would be greatly appreciated by our brother/sister 
hams with limited physical ability. 

FLORIDA: March 21-22. The Playground Amateur Radio 
Club's 17th annual North Florida Ham/Swapfest, Shrine Fair¬ 
grounds, north Ft. Walton Beach. Doors open 8 AM both 
days. FCC exams Saturday only ARRL, MARS, and QCWA 
meetings. Banquet Saturday night. RV parking. Talk in on 
146.19/79 and 52. For more information write PARC, PO Box 
873, Ft Walton Beach, FL 32548 


GEORGIA: March 7. The Dalton Amateur Radio Club's 5th an¬ 
nual Hamfest, North Georgia Fairgrounds, Dalton. Indoor flea 
market with tables provided for sellers/traders. VF upgrade 


exams nearby. For information: DARCJ, PO Box 143, Dalton. 
GA 30722 0143. 

ILLINOIS: March 29. LAMARSFEST '87 sponsored by the 
Libertyville and Mundelein Amateur Radio Society. Lake Coun¬ 
ty Fairgrounds, Grayslake. Doors open 8 AM. Commercial 
setup time (by reservation only) 6 AM. Admission $2 00 advan 
cy by March 20; $3.00 at the door. Indoor swapfest. exhibitors, 
code speed testing and exams, free parking, public cafeteria. 
Talk in on 147.63 .03 Waukegan repeater. 146.52 simplex. For 
information and reservations: Lamars c/o Marc Abramson, PO 
Box 751, Libertyville, IL 60048. (312) 255-0642 8PM to 10PM 
CST. 


ILLINOIS: March 15. The Chicago ARC will hold a continous 
seminar entitled “Introduction to Amateur Radio", Noon to 5 
PM, North Park Village, Community Room, 5801 N. Pulaski 
Rd, Chicago. The Amateur Radio Novice Class license seminar 
will start Monday, March 16 at 7:30 PM, same address in "J" 
building. For information call (312 ) 545 3622. 

KENTUCKY: March 28 and 29. LTARC Hamfest sponsored by 
the Lincoln Trail ARC, Pritchard Community Center, Eliza¬ 
bethtown. Admission $5.00 advance; $6.00 at the door Dealer 
tables $10 00/day or $15.00 both days. Flea market $5.00'day 
or $8.00 both days plus admission ticket Activities include 
ARRL State Convention, Walk-in testing, numerous forums. 
Free parking. Nearby motels, reasonable rates. Talk in on 
146.52, 146.38/98. For tickets or reservations: Hubert Hensley, 
WD4GDA, PO Box 342, Vine Grove. KY 4017b, Tel (502) 877 
2234. 


KENTUCKY: March 7. The annual Glasgow Swapfest will be 
held at a NEW LOCATION, the Cave City Convention Center, 
Cave City. Starts 8 AM, ends when everyone goes home. Ad 
mission $3.00 per person with no extra charge for exhibitors. 
Activities include DX and ARRL forums, flea market. FCC Vfc 
tests beginning 10 AM Walk-ins only. Bring original license 
and photocopy. Talk in on 146.34/94 and 144.59/145.19. For 
more information: N4HCO, Rt 9. Box 112B, Glasgow, KY 
42141. 

MARYLAND: March 28 and 29. The Baltimore Amateur Radio 
Club will present the Greater Baltimore Hamboree and Com 
puterfest, Maryland State Fairgrounds Exhibition Complex at 
Timonium. Indoor flea market and large dealer display area. 
Amateur radio, personal and small business computers fea 
tured. Hard surfaced outdoor flea market area. Food service, 
plenty of free parking and more. Gates open 8 AM each day. 
Admission $4 00/day or $6.00/both days. Children under 12 
free. For additional information and display space reservations 
GBH&C, PO Box 95, Timonium, MD 21093 0095 or call (301! 
HAM-FEST. 


MICHIGAN: March 21. The Michigan Crossroads Hamfest. 
Sponsored by the Southern Michigan Amateur Radio Society 
and the Marshall High Photo Electronics Club. 8 AM to 3 PM 
Marshall High School, Marshall, Ml. Tickets $2.00 advance 
SASE; $3.00 at the door. Packet radio demonstration and 
forum, free parking, full food service. License exams Novice 
thru Extra Preregistration requested. Send Form 610, SASE 
and $4.25 payable to ARRL/VEC to License Exam, PO Box 2, 
Pleasant Lake, Mf 49272. Walk-ins on availability basis. Talk in 
on 146 67 or 146.52 or 223.94 For more information SASE to 
Louis Ryason, WB8WXS, 23 So. 27th Street, Battle Creek, Ml 
49015. 


MICHIGAN: April 5. The South Eastern Michigan Amateur 
Radio Association's 29th annual Hamfest Swap and Shop, 8 
AM to 3 PM, Grosse Pointe North High School, 707 Vernier 
Road, Gross Pointe Woods. ARRL, DX and Packet forums. 
Tickets $1.00 advance; $3.00 at the door. Tables $8 00 ad 
vance; $10.00 at the door. Talk in on SEMARA repeater 
147.70/10 and 146.52 simplex. For information: SEMARA 
Hamfest PO Box 646, St. Clair Shores, Ml 48080 or phone 
Fred Lweis, NK8M (313) 881 0187. 


MINNESOTA: April 4. 10th annual Rochester Area Hamfest 
sponsored by the Rochester ARC, John Adams Junior High 
School, 1525 NW 31st Street, Rochester Doors open 8:30 
AM. Large flea market, speakers, programs, refreshments and 
plenty of free parking. Talk in on 146.22/82. W0MXW. For fur¬ 
ther information contact: RARC c/o WB0YEE, 2253 Nordic Ct. 
NW. Rochester, MN 55901. 

MISSOURI: March 13. The Jefferson Barracks Amateur Radio 
Club’s 27th annual Amateur Radio Auction, Concordia Turners 
Hall, 6432 Gravois, south St. Louis City. Starts 7:30 PM. 


NEW HAMPSHIRE: March 14. The Interstate Repeater So 
ciety of Derry, NH will hold its annual Flea Market, Lions Club 
Hall, Lions Avenue, Hudson. Doors open 8 AM. Admission 
$1.00 at the door. Tables $8.00 each. For table reservations 
(603) 623-0628 or (603) 883-9441. Write I.R.S., PO Box 693, 
Derry, NH 03038. 


NEW JERSEY: March 28. Ham Radio Flea Market sponsored 
by the Chestnut Ridge Radio Club, Education Building, Saddle 
River Reformed Church, East Saddle River Road and Weiss 
Road, Upper Saddle River. Admission $1.00. Tables $10/first. 
$5.00 each additional. Tailgating $5.00, Contact Jack 
Meagher, W2EHD (201) 768 8360. 


NEW JERSEY area Chaverim, an organization of Jewish Ama 
teur radio operators completing its 4th successful year, invites 
all hams and those interested in Amateur Radio to join, particu¬ 
larly those in Monmouth and Ocean counties of NJ. We meet 
the first Sunday of the month in the Jewish Community 
Center, Grant Avenue, Deal. Write POB 192, West Long 
Branch, NJ 07764 


NEW JERSEY: March 22. HAMCOMP '87, 15th annual flea 
market sponsored by the Delaware Valley Radio Association. 
8 AM to 2 PM, the New Jersey National Guard 112th Field Ar¬ 
tillery Armory, Eggerts Crossing Road, Lawrence Township 
(Trenton) 2 miles north of 1-95. Admission $3.00 advance; 
$4.00 at the door. Indoor selling space $10.00 (wall space) and 
$7.00. Outdoor spaces $6.00 Sellers bring own tables. Doors 
open for setup 6 AM. General public 8 AM. Free parking. Re 


















nvqiUible Tnlk in on 146.0? 6? For morn infumui 
lion iind&pacu rtiswitvpliuns. HAMCOMP ‘8?, c o K822V, Bos 
<WIB, HO 1. Stockton, NJ 08559. PUitfSO SA 3 fc 

NEW JERSEY: M iirch 13 Thy Spliuork Amutintt Radio Asso 
dm ion's 2nd annual Evening Manifest. Drew University Center. 
Room 107, 8t 24, Madison. Setup 6 PM Doors open 7 PM 
Admission lor buyers $2 00 Tables available (mm $2.00 lo 
58 00 put tablo Talk in on 146 985 outside Madison area. 
146 58 in Madison aroa. t or information write SARA. PO Bo* 
3, Whippany, NJ 07981 ur call Steve Halliburton, WA2SGC 
1201! 366 9642 


NEW JERSEY: March 28 The Shore Points ARC invites 
every one to Springiest '87 9 AM to 2 PM Atlantic County 4 M 
Center. Rt. 50, Egg Harbor City, approx, 1b miles west ot At¬ 
lantic City Indoors, heated Sellers 55 per space, bring own 
tables Buyers 53 Outdoor tailpanny. weather permitting 
Food and drink available. Talk in on 146,985 and 52 For infor 
mahon write SPARC. PC Box 142. Absccon. NJ 08201 

OHIO: April 24, 2b, 26. DAYTON HAMVENTION 


The Dayton Amateur Radio Association tr, now accepting 
applications lor its 198? Scholarship Program Any licenser! 
Artmimu graduating from high school in 198? is eligible to «n 
ter For information and application (pirns write DARA Schol 
at ship Committee. 31? Ernst Avenue, Dayton, Ohio 46405 
OHIO: April 24. The 18th annual BCACSCHC will be hold on 
FRIDAY NIGHT of tin* Hamveumin. at the Conference Center 
(Madison Room! of the HARA ARENA AND CONFERENCE 
CENTER, (the same location as the Hamvuntionl starting at 
7:00 PM, There is no admission charge, and free continuous 
entertainment. Hot dinner, sandwichs snacks anti beverages 
arti available. Two exciting top awards, and many others, Stay 
right at HARA when the Hamvention doses on Friday evening 
and meet you/ friends and join us for a» evening of fun arid err 
tertainwent. Sponsored by the Miami Valley F-M Association, 
PO Box 263. Dayton, Ohio 45401 


PENNSYLVANIA: March 15. The Heaver Valley Amatuur 
Radio Association's third annual Tn State Handout 8 AM to 4 
PM Community College of Beaver County "Golden Dome ', 
Monaco. All indoors. Amateur license lusting, forums, refresh 
merits Free vendor spaces, Table rumal available. Talk in on 
145.30 71 W3SGJ/R and 52 Contact Mike Pastcnk. 
KA3JRR, 116 West Woodland Drive, Aliquippa. PA 16001 


TEXAS: March 14. Thu Midland Amateur Radio Club will hold 
its annual St. Patrick's Swapfust. 10 AM to 5 PM. Midland 
County Exhibit Building, Highway 80. east of Midland P»t> 
registration $6.00 $6.00 ai dm door. Tables 06.00 each. Re 
freshments and foorf available. VE tests tor all categories. Foi 
tin (tier information and reservations: Midland ARC PO Box 
4401, Midland. Texas 79704, 


WEST VIRGINIA: April 5. Charleston WV Area Ham lost and 
Computer Show in Charleston Civic Center 8 AM to 5 PM 
Admission $4.00, Forums. SSTV. Packet, Flea Market and 
Swap Tables Computer demos. ARRL booth. Talk in on 
6.28/6.88. For information: Ollis Rinehart, KA8TIK. 1258 Ridge 
Drive, South Cat lost on. wV 25303. 0341 768 9534 


WISCONSIN: March 7. The Milwaukee School of Engineering 
ARC, W9HHX. will hold its annual Hamfesl. 8 AM to 2 PM 
1121 N Milwaukee Sheet, downtown Milwaukee. Tickets 
S2 (¥) 4 tables $3 00 Talk in on 146.19 1 146.79 and 146.52. Fur 
information, tickets nr tables: SASE to W9HHXFEST, POB 
644, Room C-6, Milwaukee, Wl 53201 064*1 

WISCONSIN: March 22. The Tim County ARC. W9MQB, will 
hold itsanrnml Handlist. 8 AM to 3 PM, Jefferson County Fair 
grounds, Jefferson. Tickets $2.50 advance; $3.00 at the door 
tables $3.00 advance, $4.00 at the door. Plenty of FREE park 
mg Amateur exams by the Milwaukee Volunteer Core Group, 
Doors open at 7 AM for sellers. Talk in on 144.89/145.49 or 
146.52. For more information, tickets or tables SASE to Bob 
Barker, K9RIJ. 724 Burdick, Milton. Wl 53563 


WISCONSIN: April 5 Ttu* Madison Area Repealer Associa¬ 
tion, (M A R.A | is please to announce its 15th annual Madi 
son Swapfest, Dane County Exposition Centre Forum 
Building, Madison. Doors open 7:30 AM for Ilea market sellers 
and 8 AM lot the general public.. An all-you can-eat pancake 
breakfast available al (he Swapfest, Admission $2.50 advance 
and $3.00 at the door. Children twelve and under admitted 
free. Flua morkol tables $5.00 each/advance and $6.00/door 
plus admission. The deadline lor tickets and table reservations 
is March 31, 1987 For tickets, tables or information write 
M A R.A„ PO Box 3403, Madison Wl 5370-1 0 t call (6081 274 
5153 day or night 
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DUAL BAND ANTENNAS FOR 
ULTIMATE PERFORMANCE!! 


Model 

Description 

Sug- List 

2X4Z 

Base/Repeater 200 Watt 

$168.95 

Gain 

146 MHz 8.2dB, 446 MHz 11.5dB 


2X4SR 

Mobile with Mag. Mt. 150 Watt 

71.90 

Gain 

146 MHx 3.8dB, 446 MHz 6.2dB 


2X4SDY 

Mobile with Mag. Mt. 100 Watt 

65.95 

Gain 

146 MHz 2.15 dB, 446 MHz 3.8dB 


HT 702 

146/446 MHz Hand Held BNC 50 Watt 

29.95 

C7-71 

Base/Repeater 920 MHz 

50 Watt 7.14 dB Gain 

$115.95 

C202N 

Mobile 920 MHz with Mag. Mt. 

5 dB Gain 50 Watt 

72.95 

1234E 

Base/Repeater 200 Watt 

$178.95 

Gain 

446 MHz 8.5dB t 1.2 GHz lO.ldB 


124X 

Mobile with Mag. Mt. 100 Watt 

104.95 

Gain 

446 MHz 2.5dB, 1,2 GHz 3.5dB 


1221S 

1.2 GHz Base/Repeater 100 Watt 

$158.95 

Gain 

15.5dB, 21 Step colinear 


1210M 

1.2 GHz Mobile with Mag. Mt. 50 Watt 

76.95 

Gain 

8.8dB 


415M 

High power duplexer 146 MHz 400 Watt 
446 MHz 250 Watt 

59.95 

412N 

UHF/GHz Duplexer 446/140OMHz 

68.95 



Max. 70 Watt 

1275 NORTH GROVE ST. 
ANAHEIM. CALIF. 92m 
(714)630-4541 

CABLE: NATCOU3LZ 
FAX (714) 635-7024 
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Dealer prices may be 
different than list 

Prices and specifications subject to 

change without notice or obligation. 





Falcon 

COMMUNJCA 770 A/S 



Falcon Communications, Well Known for MOSFET Repeater Power Amplifiers, 
Also Makes A Hard Working Line Of Bipolar Power Amplifiers For Mobile Use. 


For Information On Our Complete Line See Your Local Dealer Or Call Factory Direct 

P.O.Box 8979 m Newport Beach, CA 92658 • (714)760*3622 


IS 

m 

i 


March 1987 



115 





























APRIL 1987 / $250 



magazine 

























































APRIL 1987 


ham 







volume 20, number 4 


T. H. Tenney, Jr., W1NLB 

publisher 

Rich Rosen, K2RR 

editor-in-chief 
and associate publisher 

Dorothy Rosa, KA1LB0 

managing editor 

Joseph J. Schroeder, W9JUV 
Alfred Wilson, W6NIF 
associate editors 

Susan Shorrock 
editorial production 

editorial review board 

Peter Bertini, K1ZJH 
Forrest Gehrke, K2BT 
Michael Gruchalia, P.E. 
Bob Lewis, W2EBS 
Mason Logan, K.4MT 
Vern Riportella, WA2LQQ 
Ed Wetherhold, W3NQN 

publishing staff 

J. Craig Clark, Jr., N1ACH 
assistant publisher 

Rally Dennis, KA1JWF 
director of advertising sales 

Dorothy Sargent, KA1ZK 
advertising production manager 

Susan Shorrock 
circulation manager 

Therese Qourgault 
circulation 

Belden Wire and Cable 
cover 

ham radio magazine is published monthly by 
Communications Technology, Inc. 
Greenville, New Hampshire 03048-0498 
Telephone: 603-878-1441 

subscription rates 

United States 

one year $2.2.95; two years, $38.95, three years, $49.95 
Canada and other countries (via surface mail): 
one year, $31.0(3; two years, $55.00; three years, $74,00 
Europe, Japan, Africa (via Air Forwarding Service); one year. $37,00 
All subscription orders payable in U.S. funds, via international 
postal money order or check drawn on U.S. bank 

international subscription agents: page 116 

Microfilm copies are available from 
University Microfrlms, International 
Ann Arbor, Michigan 48106 
Order publication number 3076 

Cassette tapes of selected articles from ham radio 
are available to the blind and physically handicapped 
from Recorded Periodicals. 
919 Walnut Street. Philadelphia, Pennsylvania 19107 

Copyright 1987 by Communications Technology, Inc. 

Title registered at U.S, Patent Office 

Second-class postage paid 
at Greenville New Hampshire 03048-0498 
and al additional mailing ofiices 
ISSN 0148-6989 

Send change of address to ham radio 
Greenville, New Hampshire03048-0498 


contents 


8 real coax: 

impedance and phase relationships 

Forrest Gehrke, K2BT 

19 simple modifications and adjustments 
for the TS-930S 

Marv Gonsior, W6FR 

24 packet radio conference bridge 

Bill Wade, WD5HJP 

29 the TEXNET packet-switching 
network 

part 2: hardware design 

Thomas H. Aschenbrenner, WB5PUC, and Thomas 
C. McDermott, N5EG 

47 practically speaking 

grounding and shielding, part 1 

Joe Carr, K4IPV 

55 ham radio techniques: 

Xingiang Province: the last frontier 

Bill Orr, W6SAI 

63 a three-tube 4CX250B linear amplifier 

Dragoslav Dobricic, VU1AW 

74 VHF/UHF world 
33 cm: update 

Joe Reisert, W1 JR 

89 understanding noise figure 

Mike Gruchalia 



118 advertisers index 114 ham mart 
and reader service 102 new products 
6 comments 4 reflections 

97 DX forecaster 50 short circuits 

116 flea market 


April 1987 QS 3 
















BEELECIIONS 


novice enhancement and the 220 MHz band: 


the FCC giveth... 

Novices are back on phone — for the first time since the 1960s — as this issue of ham radio arrives in your mailbox. In its 
Report and Order of Novice Enhancement (effective March 21,1987), the FCC expanded the Novice 10-meter allocation to 28.5 
MHz and awarded new VHF/UHF allocations at 1-1 /4 meters and 23 centimeters. Phone operation is now permitted on all three 
bands. 

In brief, on 10 meters Novices (and Techs, who share Novice low band privileges) may now use digital (FIB) as well as CW from 
28.1 to28.3 MHz, plus CWand SSB from 28.3 to 28.5 MHz. The power limit remains 200 watts. On 1-1 /4 meters, they're author¬ 
ized all modes from 222.1 to 223.91 MHz, with a 25-watt power limit. On 23 centimeters, the Novice band Is 1270-1295 MHz (all 
modes), but with only 5 watts. 

There's one important limitation: while Novices will be permitted to use repeaters, they won't be permitted to be repeater con¬ 
trol operators or trustees. Note: contrary to a widely circulated but erroneous interpretation of the new rules. Novices' signals 
maybe repeated outside the Novice subbands, just as Techs' signals can be repeated on 10-meter cross-linked repeaters or through 
the satellites. This means that Noviceswill be able to communicate directly with higher class Amateurs on the other VHF/UHF 
bands through cross-linked repeaters. 

They'll have to pass a more difficult exam, however. Instead of 20 questions, they'll face 30 — with the additional ten testing 
knowledge relevant to the new privileges. 

So what's this going to mean for Amateur Radio? First, it means there are now80,000+ Amateurs with phone and digital privileges 
on 10 meters and first-time access to all modes on VHF and UHF. Despite the diminished sunspot cycle activity, 10-meter opera¬ 
tions should see a big boost. At its worst, 10 generally shows some life — and greatly increased activity on a "dead" band often 
confirms that its not really dead, but only lacking users I One-and-a-quarter meters should benefit at least as much as 10 — with 
equipment costs and performance about the same as 2 meters, and a well-established repeater system in place, this band could 
even become as busy as 2 meters! One unknown is just how well the newcomers will be received; the message is mixed on this, 
with some repeater groups already planning cross-band links to further expand Novice horizons, while others vow they'll install 
elaborate coding systems to keep Novices off their machines ~ or even shut their repeaters down entirely. 

Twenty-three centimeters will also see some increase in activity, with good quality commercial equipment available from several 
suppliers. However, costs are high and activity low, so the effects here are not likely to be nearly as extensive. 

What new Novice privileges will mean to the Amateur Radio service is yet to be determined. Though enhancement doesn't 
make the Novice a no-code entry-level license, it does radically augment its benefits by the addition of phone privileges. If this 
results in a big boost in newcomers, it may temper enthusiasm for a code-free license — perhaps the perceived problem with the 
Novice license hasn't been its requirement for 5 wpm code capability, but rather that its only former benefit was to permit the holder 
to work CW (and CW is work when you're new at it). 

One thing enhancement seemssuretodo is increase activity among present Novices, and that's good for Amateur Radio. The 
dropout level for Novices has always been unacceptably high, but the new phone privileges should substantially change that. 
Why? Because Noviceswill find both their investment (in new equipment) and return on that investment (fun) increasing to the 
point where they'll not only be unwilling to let their licenses expire, but will be stimulated to upgrade. All things considered, then, 
enhancement appears to be a big plus for Amateur Radio. 

Before we become too euphoric, however, let's consider this: 

.. .and the FCC taketh away! 

Excitement over Novice enhancement was still growing — in fact, the news was still being spread — when the FCC dropped 
the other shoe ... squarely on 220 MHz. In a Notice of Proposed Rule Making dated just two days after the Report and 
Order on Novice Enhancement, the Commission proposed reallocating 220-222 MHz to land mobile service use only! 

As justification, the FCC cites "light loading" of the band in comparison to 2 meters, using ARRL's Repeater Directory listings 
as evidence. Even assuming this "evidence" is accurate (which it isn't, since the 220-MHz band supports many control links and 
a large, dynamic, and growing number of packet and other data communication users who've come to 220 MHz because 2 meters 
couldn't accomodate them), it's obvious the Commission's right hand doesn't know what its left is doing! You don't give 80,000 
new users access to a finite band of frequencies, then cut that band by 40 percent! It's worth noting, at this point, that this proposal 
did not come from the FCC's Personal Radio Bureau, where Amateur Radio and our problems are well known and appreciated, 
but from the Office of Engineering and Technology, where they obviously aren't! 

That's not to say this proposal wouldn't have made better sense 10 years ago. In fact, back then it might have even been to our 
advantage. Why? Because, along with taking 220-222 MHz away from Amateurs, the FCC is also proposing removing fixed and 
mobile service allocations from the 222-225 MHz segment and making that portion solely Amateur (though shared 

(continued on page 50) 
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comments 


a question of goals 

Dear HR: 

When we read about the [ARRLJ 
Board's approval in principle of a new 
Amateur Radio museum ("It Seems to 
Us f " QST, October, 1986), we thought 
it was a nice idea. 

Then we read an editorial by Craig 
Clark, N1ACH, in ham radio {“ Reflec¬ 
tions," October, 1986) and kicked our¬ 
selves for not thinking about this issue 
more carefully. 

Craig pointed out, we think correct¬ 
ly, that the project will consume enor¬ 
mous amounts of time, energy, and 
money. In light of the Board's ambi¬ 
tious goals, set in 1984, to recruit new 
hams and ARRL members, it just 
doesn't make sense to divert our focus 
to an equally ambitious undertaking — 
one that probably will not increase the 
number of new licensees significantly. 

We're all for keeping HQ and W1 AW 
in good shape, but how many of us get 
a chance to visit Newington? Will a 
museum in Connecticut inspire non¬ 
hams across the nation to get a 
license? Wouldn't it be better to raise 
and spend $2.7 million on recruiting 
new hams? 

For that kind of money we could 
buy, stock, staff and operate several 
mobile displays which could present 
ham radio exhibitions and give license 
exams at schools, museums, fairs, 
clubs, and shopping centers through¬ 
out the country. Let's take Amateur 
Radio to the people instead of expect¬ 
ing them to come to us. 

We urge all League members to read 
Craig's editorial and convey their feel¬ 
ings to their Division Directors immedi¬ 
ately. This important issue should be 


thoroughly debated by the mem¬ 
bership. 

Dick Green, KA1LBW, 
and Mike McAmis, WA3ECT 
Etna, New Hampshire 03750 

low-band operation 

Dear HR: 

K2RR's articles in the May and June 
issues ["Secrets of Successful Low- 
Band Operation," pages 16 and 17, 
respectively] prompt me to dash off a 
few lines on that subject. 

Let me preface my remarks by set¬ 
ting the time frame and locations for 
my experiences on 80 and 40 meters. 
In the years 1956 through 1966, I was 
fortunate to operate from three loca¬ 
tions in Europe and two in North 
Africa. 

I will do my best to recall a few of 
the QSOs and without reference to the 
old log books, which are not now at 
hand. 

October, 1958 saw me in North Afri¬ 
ca on 40 meters (though on a few oc¬ 
casions, I did get down on 80 meters). 
One memorable QSO was with the late 
Jim Mills, ZL2BE. Jim ran several big 
rhombics, and knew that I could "bor¬ 
row" some even bigger one$ from the 
military. Well, to make a long story 
short, we had a QSO or two, using 
long path, short path, and probing the 
other paths as well. Hams at both ends 
of the circuit were somewhat amazed 
to hear us on what they considered a 
dead band. Needless to say, I have 
fond memories of QSOs like that, so 
many years ago. No one is more 
pleased than me to see the tremen¬ 
dous strides that have been made in 
the design of antennas and equipment 
in recent years. 

Now, let me jump ahead to the 
1960s and recount a few experiences 
on 80 meters. On 80, most any eve¬ 
ning, I would be working other Euro¬ 
peans. We, of course, were in dark¬ 
ness, but the east coast of the U.S. 
was still in daylight. As the evening 
wore on, out of the noise would come 
the signal of, say, W1FRR (now 


W1FC). Fred would say, "Hey, War¬ 
ren, I've been calling you for an hour 
now. Didn't you hear me?" 

My retort: "No, Freddie, not a peep 
until just now." 

One-way skip? Perhaps so, but how 
do you explain it? Was my signal go¬ 
ing to the "F" layer, bouncing off the 
Atlantic in mid-path, then traveling in 
the "E" layer and then down to Fred? 
Theory has it that since my "E" layer 
had dissipated, and Fred's had not, the 
early evening path employed both "F" 
and "E" layer from east to west, or 
dark to daylight. 

Now, let's see what we can do to 
explain the bending, or azimuthal 
divergence of radio signals. With the 
advent of large, directive arrays on 
the ham bands. Amateurs are ex¬ 
periencing what the commercial sta¬ 
tions knew decades ago. Let me give 
you an example: a commercial point- 
to-point station in Slough, England, 
ran daily traffic with a similar station 
in Capetown, South Africa. The path 
between them was normally North- 
South, as you would expect. But on 
some occasions, both stations would 
have to slew their antenna arrays to a 
point off South America. I don't recall 
when this situation was first observed, 
nor do I remember when I read about 
it, but suffice it to say that it was not 
in recent times. By the way, this effect 
has occurred on numerous occasions 
over the past several years. 

How do you explain this bending 
thing? Well, far more knowledgable 
persons than I have explained it this 
way: bending can take place when the 
layer is spherically stratified. What 
makes this bending different from 
backscatter or side-scatter is that the 
signal is not diluted or fragmented, as 
it may be in a scattered signal. 

I have many other thoughts on low- 
band DXing, but will save those for an¬ 
other time. 

Kudos on your fine magazine and 
the folks who make it all happen. 

Warren Lufkin, W0SII 
Cheyenne, Wyoming 82001 
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real coax: 

impedance and phase relationships 


The device between 
the transmitter and antenna 
deserves better treatment 


K2BT, author of the definitive series on phased verticals', examines 
in his own precise manner the extremely important and often neglect¬ 
ed component that gets your signal from here to there. — Ed. 


We all know that when using coaxial cable at 
radio frequencies, it may have a significant loss which 
must be considered. It's quite clear that a cable hav¬ 
ing a loss of 3 dB/100 feet at 30 MHz will deliver only 
half the available power to the antenna if we need to 
use 100 feet. But how many of us are aware that 
there's a further loss if the load is mismatched to the 
line? Or that a lossy coax can make a badly matched 
antenna look good in the shack? In fact, it's possible 
for a quite low-loss cable, if long enough, to indicate 
a 1:1 SWR at its input even though the output is open- 
circuited! And though coax losses at lower frequen¬ 
cies ordinarily can be neglected, as the SWR goes 
much above 5:1 we still can sustain a non-trivial loss 
and a different input impedance than we might have 
expected due to the high mismatch. {Incidentally, ad¬ 
ditional loss due to load mismatch can occur with any 
lossy circuit, not just coax.) 

Those of you who've seen graphs of additional loss 
attributable to SWR may have wondered, as I did, just 
how this loss was calculated. These effects may be 
appreciated in a general way, but we might be hard 
pressed to attach numbers to some of these situa¬ 
tions. The mathematical formulations dealing with this 
subject, strewn with Greek letters and unfamiliar tri¬ 
gonometric symbols, give the appearance of such for- 
midability that we are dissuaded from looking any 


I further. And so we often approach the problem "as¬ 
suming the lossless case../', knowing this is not reality 
but hoping we haven't missed it by much. 

The purpose of this article is to help with such 
assessments and to place some of the calculations into 
a simplified and standardized format for ease of 
programming computers and calculators. 

common approach: interpolation 

Trying to assign loss at a given frequency when the 
ratings are given at other frequencies is the first prob¬ 
lem we encounter. Most cable manufacturers publish 
loss figures at various frequencies — for example: 1, 
10, 50, 100 MHz and so on, which are called attenua¬ 
tion constants and defined as the loss in decibels per 
100 feet with a matched load. But if the operating fre¬ 
quency is 21 MHz, what now? We can "eyeball" in¬ 
terpolate, but it turns out we can do it to a high degree 
of precision using the manufacturer's ratings. 

definitions 

Before proceeding, we must come to some general 
understanding: 

1. A transmission line is a uniform system consist¬ 
ing of two parallel conductors. "Uniform" means that 
the materials and geometry of the line and its sur¬ 
rounding medium remain constant throughout the 
length of the line. This applies whether the line is par¬ 
allel wire, coaxial, stripline, or other configuration. This 
understanding about uniformity also applies to the 
electrical circuit coefficients that result from the materi¬ 
als chosen for this line. 

2, The currents in the line conductors flow only in 
the direction of the line. It may seem redundant to 
state this in discussing distributed circuit transmission 
lines. However, under certain conditions some or all 
of the current may propagate around the conductors 

Forrest Gehrke, K2BT, 75 Crestview Road, 
Mountain Lakes, New Jersey 07046 
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instead of along them. Such transmissions are known 
as "waveguide modes" and are not explainable by 
distributed circuit theory. For lines with conductor 
separations that do not exceed a few inches, these 
waveguide modes are not supported except at fre¬ 
quencies in the very high GHz range. However, al¬ 
though these modes do not propagate any appreciable 
distance at the frequencies we are interested in, they 
are excited by any discontinuities in the line, whether 
caused by too sharp twists or bends or abrupt physi¬ 
cal terminations of the line. These excitations die out 
quickly from their point of origin, traveling a distance 
no greater than a few times the conductor separation 
of the line. However, they are responsible for anom¬ 
alous behavior that occurs in the vicinity of such dis¬ 
continuities. 

For now, so that "discontinuities" are not simply 
read as being only characteristic impedance variations, 
it should be clearly understood these are physical dis¬ 
continuities. For example, the junction of an RG-8 line 
with an RG-174 line (two lines with the same charac¬ 
teristic impedance but very different physical dimen¬ 
sions) is such a discontinuity. 

3. The frequency range of interest is generally 1 MHz 
to 1 GHz, a range more than sufficient for most Ama¬ 
teur Radio interest. Although coaxial transmission lines 
are used above and below this range, the equations 
presented in this article must be used with more 
knowledge about certain specific characteristics of the 
line. For example, as the frequency is reduced below 
2 MHz, the characteristic impedance of the coax will 
have an increasingly significant reactive component. 
This may not be a show-stopper, but including that 
component in calculations will improve accuracy. As 
frequency is progressively lowered (less than 100 kHz), 
not only will we see a more reactive characteristic im¬ 
pedance, but the resistive component will rise — slow¬ 
ly at first — and then more rapidly. As we go above 
1 GHz, losses at some point may rise disproportion¬ 
ately and unpredictably because of various problems 
such as insufficient braid coverage in flexible line 
allowing power loss by radiation. Waveguide mode 
anomalies — for example, those due to distortions 
caused by having been bent around too small a radius 
— also become more troublesome at these frequen¬ 
cies because the excited modes are operating over 
what are now larger fractions of wavelengths. 

4. All discussion and equations assume steady-state 
conditions and no active elements. 

ABCD network parameters 

In a previous article discussing design of drive net¬ 
works for phased vertical arrays, 1 I presented material 
on the ABCD network matrix parameters. ABCD 
matrix algebra was devised for the purpose of simplify¬ 
ing calculations of input/output impedances, current, 


and voltage for four-terminal networks and for facilitat¬ 
ing cascaded calculations when chaining networks. 
The parameters are defined in such a manner that 
whether a passive network is a length of coax, a Pj 
or T circuit, or anything else, so long as the parameters 
are identical — regardless of the differences in in¬ 
dividual components or hookup — the input/output 
relationships are unchanged at the frequency for which 
the parameters are identical. For the purposes of the 
referenced article, I felt the subject of dealing with real 
coax to be an undue digression even though definitely 
related, particularly for phased arrays at higher fre¬ 
quencies, or even at lower frequencies when driving 
an element through an excessively mismatched line. 
Indeed, it is to fill in that gap that this article was 
written. 

For the lossless case, the ABCD matrix parameters 
for a length of coax are: 

A cos 6 j Zo sin 6 B 

C j(sin 0)f Zo cos $ D 

i J 

0 - Electrical length (degrees or radians) 

Zo = Characteristic impedance 

In order to account for loss, these parameters must 
be defined differently. We arrive at them and can go 
back to the lossless case simply by substituting zero 
for the loss terms. 

A cosh TZ Zo sinh TZ B 

C (sinh TZ)/Zo cosh TZ D 
» 

T = (a + j/3) Propagation constant 
Z = Physical length 
Zo - Characteristic impedance 
At first glance this matrix looks much the same, but 
there are important differences: the familiar circular 
functions (sin, cos) are replaced with hyperbolic func¬ 
tions (sinh, cosh), and a term called the "propagation 
constant" appears for the angle. The propagation Con¬ 
stant combines loss and length in the form of com¬ 
plex numbers. 

propagation constant 

Engineers refer to many of the coefficients involving 
transmission lines as "constants," a term not well 
chosen considering the inconstancy of some of them 
as frequency is changed. The propagation constant 
consists of two coefficients, the real term a, called the 
attenuation factor, and the complex imaginary term 
(3, the phase factor. Both are unit factors — that is, 
they refer to a value per unit length. The calculation 
for any particular section of line implies a specific 
length; if the terms of the propagation constant are 
multiplied by the length in consistent units, whether 
length is in meters or feet will not matter because the 
result is total loss and total angle for that length of 
line. Angular units may be degrees or radians, consis¬ 
tent with the trigonometric functions being used, but 
the unit of loss must be in nepers. 
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attenuation factor a 

American coaxial cable manufacturers typically use 
the decibel as the unit of attenuation, usually rating 
a cable in terms of decibel loss per 100 feet. Well need 
to convert these loss figures into nepers. Both the 
neper and the decibel are logarithmic functions of the 
ratio of power flowing at two points in a circuit. Their 
mathematical definitions are: 

Decibel = 10 log 10 (P1/P2) (1A) 

Neper = 0.5 log t (P1/P2) (IB) 

The decibel is based on decimal logarithms while the 
neper uses the natural or Naperian base, 2.71828* •• 
which is usually written as e. Appropriately, neper is 
a Latinized spelling of Napier, in honor of the Scottish 
mathematician who invented logarithms. The neper 
is by far the larger unit; for example, a 2:1 ratio of 
power is expressed as 3.0 decibels but only 0.35 neper. 
More precise conversion factors are: 

1 neper = 8.686 decibels 
1 decibel = 0.1151 neper 

Even the decibel is usually too large to be used "per 
foot" for coax. Consequently, attenuation is quoted 
in decibels per 100 feet. 

Rated loss figures for transmission lines are given 
in large MHz intervals (1, 10, 50, 100, and so on), 
which brings us back to the question of an accurate 
interpolation method for frequencies between them. 
We can produce an empirical interpolation by taking 
advantage of the known loss versus frequency charac¬ 
teristics of cable materials. Over the frequency range 
of interest there are two major loss contributions: loss 
in the conductors and loss in the dielectric material. 
We can say then that the total loss is equal to these 
two components: 

Oi r = etc + OL[) (2) 

From various references we learn that the loss of round 
copper wire due to skin effect varies as the square root 
of the frequency. For any given cable this can be 
stated as: 

a c = m \lf ( 3 ) 

where m is a constant for any given cable type. 

The dielectric loss is found to vary directly with fre¬ 
quency: 

a D = nf (4) 

where n is a constant for a given cable depending on 
the insulation used, its thickness, and so on. 

For a first approximation and to the degree that the 
constants m and n remain independent of frequency: 

a T = m \ r f + nf (5) 

Using the rated loss a T1 and a T2 at two frequencies f. 


and f 2 for any given cable and these identities for the 
loss components, two simultaneous equations can be 
written. Substituting and solving for m in one equa¬ 
tion and then back-substituting to solve for n we get: 


and 


m 


Qjj! * f2 ~ Oij2 * fl 

/■? • V/7 - // • Ij2 


a T m • sjjl 
n = — 1 - 

fl 


( 6 ) 

(7) 


Let's test this interpolation method with a real example 
where we know in advance the result we should 
expect: 

Amphenol rated RG-58/A coax: 

0.44 dB/100 feet loss at 1.0 MHz 

1.4 dB/100 feet loss at 10.0 MHz 

3.3 dB/100 feet loss at 50.0 MHz 
Using the loss values for 1.0 MHz and 50.0 MHz and 
solving for the two constants m and n in eqns. 6 and 
7 specific to RG-58/A coax between these fre¬ 
quencies: 

m = 0.435604 and n = 0.004396 
Let's see how well we can predict the manufacturer's 
rating at 10 MHz using these constants in eqn. 5: 
<x T = 0.435604 • \'10 +0.004396 • 10 = 1.42 dB 
loss/100 ft. 

The manufacturer gave his ratings to two-digit accur¬ 
acy; we can say we came tolerably close. This inter¬ 
polation method is quite accurate over the span of 
frequencies 1 MHz to 1 GHz when using a 10:1 range 
of rated frequencies. For many applications, even 
larger ranges are acceptable, as the 50:1 ratio of this 
example shows. A word of caution: the constants for 
m and n shown above apply only to RG-58/A. Don't 
try to use the same values for m and n with another 
cable type unless the loss ratings are identical. 

phase factor /3 

Technically the phase factor is defined in angular 
units per unit length, radians per meter in the MKS 
system. Multiplying this value by the total line length 
would give us the angular electrical length. Since fre¬ 
quency modifies this factor, a value independent of 
frequency has been found more useful. Furthermore, 
just as with attenuation, our concern is the line total. 
This more practical ratio is the velocity factor, vf, 
usually given as a decimal fraction or a percentage. 2 
For our purpose it obviates the need to know 0, but 
gives us the means to derive it if required. Velocity 
factor is a ratio of the propagation speed of elec¬ 
tromagnetic waves through the line as compared to 
its speed in a vacuum. This latter velocity is the same 
as the speed of light, designated c, and is equal to 
299.8 x 10 B meters (983.5 x 10 6 feet) per second. If 
we divide either of these values by frequency in Hz, 
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we obtain the free space full wavelength, respective¬ 
ly, in meters or feet. Multiplying this length by the ve¬ 
locity factor of the line, one obtains the full-wave 
electrical length. Since there are 360 degrees or 2 % 
radians in a full wave, we can also state this length 
in angular units. 

A source of much confusion to many Amateurs — 
all the more confusing when electronics profession¬ 
als sometimes thoughtlessly equate them — is the 
difference between angular electrical length and angu¬ 
lar current or voltage phase change. Not helping 
matters are the descriptive terms used — for exam¬ 
ple, "delay line," referring to a phasing line, with 
"delay" implying a time-related factor. There are appli¬ 
cations in which a propagation time delay is truly 
meant (radar, for instance), but usually we mean rela¬ 
tive phase change, which is not time related. (If it 
were, we'd never be able to advance it!) On the other 
hand, electrical length always refers to time; it is de¬ 
termined by the time required for a particular frequen¬ 
cy wave to travel through a medium. For any line, 
phase difference can be varied by changing the ter¬ 
mination impedance, but propagation time is invari¬ 
ant, being related only to the velocity of electromag¬ 
netic waves in the medium. 

As we have seen, propagation time can be defined 
in several ways, all referring to velocity. The most ob¬ 
vious, time itself, is not easily measured directly. The 
more commonly used measuring sticks are wavelength 
and angle. Frequency, velocity, and time are directly 
and unchangeably related for any medium; when a 
piece of transmission line is said to be a quarter- 
wavelength long, this means the propagation time is 
1/4 of the time required to travel a complete wave¬ 
length at a particular frequency. Since frequency is 
involved and there are 360 degrees in a complete wave 
cycle, we can also state it as the number of degrees 
represented by the time interval. But never confuse 
this angular representation of propagation time with 
the current or voltage phase angle difference that may 
exist between the input and output of this line; they 
have quite different meanings. It's true that if we 
match a line with its characteristic impedance, its an¬ 
gular electrical length will be the same as the phase 
difference, but keep in mind how that coincidence is 
brought about. Antenna elements seldom meet that 
requirement without help; your chances of a coinci¬ 
dence is little better than your chance of being hit by 
a meteor. 

Phase change is the angular difference in the volt¬ 
age or current cycle measured between two points in 
a circuit under steady-state conditions. Furthermore, 
in most instances we are concerned with relative, not 
absolute phase change. Note the word "circuit"; 
phase change may occur in any circuit and can be 
made positive as well as negative in certain circuits. 


An apt analogy for explaining the difference between 
angular phase change and angular propagation time 
is the count of the number of cars of a train between 
two markers along a railway. At the steady-state con¬ 
dition (a continuous line of cars between markers) only 
car length, not the speed of the train, would influence 
the count. Conversely, the time required for a partic¬ 
ular car to pass by both markers — the propagation 
time — owes nothing to the count of cars between 
markers, only to velocity. 

If propagation time has nothing to do with phase 
difference, then why so carefully measure the length 
of these "delay" lines? This stems from a need for a 
specific current or voltage phase difference. In my rail¬ 
way analogy, suppose a particular car count is wanted 
between markers. If the length per unit (degree, radi¬ 
an, or railroad car) can be controlled, then the total 
count can be predetermined. If 90 degrees is the phase 
difference desired and the termination impedance is 
made a pure resistance, then a quarter-wave line — 
that is, a 90-degree line, will produce the required 
phase change. The impedance qualification is abso¬ 
lutely essential, because the nature of the termination 
predetermines, or controls, the phase change. If the 
load isn't a pure resistance, the phase change won't 
be 90 degrees and all the care going into measuring 
the length of this line will be as useful as rearranging 
the deck chairs on the Titanic. For emphasis, let's put 
this another way: it's entirely possible, with certain ter¬ 
mination impedances, for a 70-degree electrical length 
line to have a 90-degree phase difference in current. 

solving complex hyperbolic functions 

There are two approaches to solving complex hyper¬ 
bolic functions: expansion of the complex hyperbolic 
function into functions of real circular and real hyper¬ 
bolic angles, and direct evaluation of the complex ex¬ 
ponents of e. The first method is useful where real 
hyperbolic functions are available in calculators or 
computer programs or from textbook tables. 

Expansion method. 

cosh (a + j 3)Z = cosh aZ • cos &Z + (8) 

j sinh aZ • sin (3Z 

sinh (a + j (3)Z = sinh aZ • cos (3Z + (9) 

j cosh aZ * sin 0Z 

These relationships expand the complex hyperbolic 
functions into functions of real circular and real hyper¬ 
bolic angles. For every term in the expansion, includ¬ 
ing the /terms, the real function values may now be 
substituted. Compared to direct evaluation, which 
follows, this method offers simplicity of calculation, 
provided real hyperbolic function values are available. 
(You C language aficionados finally may have found 
a use for your hyperbolic functions, which are a stan¬ 
dard component of most C compiler math libraries.} 
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From these expansions, we can get the terms for 
the lossless case for coax calculations. If a is zero, then 
the real hyperbolic sines equal zero and the hyperbolic 
cosines equal one resulting in: 

cosh fa + j 0)Z = cos $Z ( 10 ) 

sink (a + j (3)Z = j sin (3Z (11) 


or 10 io = P1 / P2 

Taking the square root of both sides of this equation: 

dB ,_ 

10^0 = yJPl/P2 

therefore 

“jQ fo = ^ 0.1151 dB 


This means that the lossless case need not be provid¬ 
ed as a separate calculation in a program. If the loss 
is entered as zero, a program using hyperbolic func¬ 
tions will carry out the calculations correctly. The 
angular units for these calculations had best be radi¬ 
ans. Besides, published tables and computer functions 
for real hyperbolics always use radians for angular 
units. Loss must be in nepers. 

Direct evaluation. For most of us the method using 
complex exponents of e (the Naperian base 2.71828* • *) 
offers the better solution because it requires access only 
to real circular functions: 

cosh (a + J rn = . J - . . ±. im m) 


and 

sink (a + j f3)Z = 


e (ot + j ( 3 )Z - € -(a + J &)Z 

2 


( 13 ) 


It can be shown that: 

e acZ . e j (3Z = e otZ . f cos fill + j si n $1) ( 14 ) 

and 

_ L _ = _ l _ ( 15 ) 

fe • e/ W) [e • (cos 0Z + j sin ftZ)] 

Note that eqns. 14 and 15 are the rectangular equiva¬ 
lent of the polar vector representation: 


m 


and 


e~ a % / — (3Z 

Either eqns. 14 and 15 or eqns. 16 and 17 may be 
used. Since many scientific calculators have polar/ 
rectangular conversions, eqns. 16 and 17 would be 
a good choice. The problem is now reduced to one 
that can be handled by calculators or computers with 
real circular functions (phase may be in degrees if this 
suits the purpose). Loss must still be in nepers. 

At line 140 of the complex hyperbolic functions, 
note the statement S = 10 a(S/ 20). This is the decibel- 
to-neper conversion. It avoids the use of the irrational 
number e. Instead, it is stated as a fractional exponent 
of 10, Because this equality may not be immediately 
obvious, here is its explanation: 

As stated previously: 


dB = 0.1151 neper = log e VPT/P2 
or e 0.1151 dB = V P1/P2 

and dB = 10 log 10 P1/P2 


Put it down to the fact I don't like having to remem¬ 
ber and type irrational numbers or odd fractional con¬ 
version factors. (Another of my favorites is PI = 4* 
ATN (1). Let the computer remember PI, and to as 
many places as it can muster!) 

example explains 

I've always found that when learning a new calcu¬ 
lation procedure, nothing breeds confidence like being 
able to duplicate the results of a step-by-step example 
calculation. I've therefore chosen an example which 
highlights some of the surprising things that can 
happen with real coax and a high mismatch. 

The frequency is 14 MHz, using RG-58/A 50-ohm 
coax. The load is 10 - jlO. The electrical length is 2 
wavelengths [4tt radians or 720 degrees); since the ve¬ 
locity factor is 0.66, the physical length is 92.74 feet. 
The load current will be assumed to be 1 + jO amperes. 
Using the interpolation equations and the rated loss 
at 10 and 50 MHz, the loss at 14 MHz is 1.67 dB/100 
ft. For our line length, the loss is 1.55 dB or 0.178 
neper. 

COSH <0.178+j4*x)=1.0159 + j 0 
SINH (0.178+j4*7r)-0.1794 + j 0 
The ABCD matrix parameters: 

A= 1.0159-FjO 
B =8.9612+jO 
C = 0.0035+ j0 
D=1.0159 + j0 
Network calculations: 

AZ L + B-19.1206 -j 10.1593 
CZ U + D = 1.0517 -j 0.0358 

Zim = (AZ l + B)/(CZ l + D) = 18.490 -j 9.029 
Ein = II*(AZl + B) = 21.652 / —27.983 (degrees) 

l|N= Il*(CZl+ D) = 1.052 / -1.952 (degrees) 

VSWR at load: 5.2:1 
VSWR at input: 2.8:1 
Total power into coax: 20.47 watts 
Power dissipated in load: 10.00 watts 
Total loss: -3.11 dB 10.47 watts 
Normal loss: - 1.55 dB 4.28 watts 
SWR loss: -1.56dB 6.19 watts 
Efficiency: 48.8 percent 

The first thing to notice is how this relatively small 
loss of 1.55 dB has given the VSWR as measured at 
the input of the line an optimistic look. The high 
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Simple BASIC program calculates complex hyperbolic functions 

Using the polar form for calculating the complex hyperbolic functions requires surprisingly few BASIC 
statements. It may be instructive to list these, which can be set up as subroutines to be called by the subrou¬ 
tines which are calculating the ABCD matrix values. 

100 'Sinh S-dB tot ml Ions, T«totnl radians; s*jt returned, 

110 FL - Is GOTO 140 

120 * Cosh S»dB total loss, T*totnl radians; *tjt returned, 

130 FL - 0 

140 S - 10* <S/20) s GOSUfi 170: S3 - S: T3 * T: GOSUB 190 

150 IF FL - 1 THEN S - <S3 - S) / 2: T * <T3 - T) / 2s RETURN 

160 S - CS3 ♦ S> / 2: T * <T3 + T) / 2: RETURN 

170 'Polar to rectangular; S^Hag. f T»Angle (rad,); s^L returned, 

180 S2 - S: S* S2 * COS <T>: T * S2 * SIN <T)s RETURN 
190 'Invert l/(**jt>; s*jt returned. 

200 U - 1: V - 0 

210 'Divids < u ) / < s^^*t ) ; s*jt returned 

220 Y - < S * S > * <T * T ) : S » S / Y: T * T / Y 

230 'Multiply < u*jt) * <m + Jt ) ; s*Jt returned 

240 N0 - <S * U) - <T * V): T = <S * V) ♦ <T * U>: S * NO: RETURN 

Comments prior to each subroutine indicate the operation performed, parameters to be passed, and 
parameters returned. All calculations are complex. Some of these routines are general purpose functions: 
polar-to-rectangular conversion, inversion, division, and multiplication. 

Adding square root and rectangular-to-polar subroutines would complete a minimum set for handling 
the majority of complex algebra calculations. Though not necessary to the calculations in this article, they 
follow here: 

300 'Squire root, S*Rsnl,T*J Tern; n«*Jt returned. 

310 9 It S returned as 0, Issue warning. J tern nay bn nlnus or plus. 
320 NO * SQR < < S ♦ SQR <S»S^T»T))/2) 

330 IF N0-0 THEN T- -SQR (ABS <S)):S-0:PRINT *Sign OK j tern?*: RETURN 
340 T ■ T / <2 e N0): S - NO : RETURN 
350 ' 

360 'Reel-to Polar. S-Real,T-j Tern. S*Kagnltude,T*Rsdiana returned 
370 PI - 4 » ATN (1) 

380 Y - SQR <S * S ♦ T * T> s IF S - 0 THEN 450 
390 N0 - ATN <T / S) 

400 IF S > 0 THEN 440 ELSE IF T > 0 THEN 430 ELSE IF T - 0 THEN 420 

410 T - N0 - PI: GOTO 480 

420 T - PI: GOTO 480 

430 T ■ N0 ♦ PI: GOTO 480 

440 T - N0: GOTO 480 

450 IF T < 0 THEN 470 ELSE IF T * 0 THEN 480 
460 T - PI / 2: GOTO 480 
470 T - -PI / 2 
480 S - Y: RETURN 

To preserve accuracy, keep calculations in rectangular form as far as practical; avoid multiple polar/rectangu¬ 
lar conversions except as necessary at input or output of data. By convention the variables S and U are 
real, while T and V are the j terms. (In polar/rectangular conversions, S is magnitude and T is the angle.) 
The returned variables are always S and T. 


i 
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VSWR at the load has caused an additional loss of 1.56 
dB. And even though this line is a multiple of a half¬ 
wave, where we'd normally expect to see the load im¬ 
pedance repeated at its input, it is in fact quite 
different* 

I must emphasize that these effects result from line 
loss. If we could magically produce a lossless line, 
none of these effects would be seen, no matter how 
high the VSWR. For all that, had I chosen a much low¬ 
er loss line, these effects would be drastically reduced. 
Reflected wave power, which would not be lost in a 
lossless line, gets a piece taken out during each 
traverse of the line — just as with forward wave pow¬ 
er. This is the reason for the additional loss due to the 
high VSWR. 

summary 

Real coax, except in the most benign circumstances 
(good load match, very low loss), gives rise to effects 
which can be startlingly different from assumptions 
based on a lossless line. Nor is it entirely a problem 
of efficiency and optimistic VSWR. A case in point 
is the 4-Square vertical phased array, whose reference 
element requires a small part of the total drive power 
(on the order of 5 percent). Because of the high VSWR 
associated with the feedline of this element, the as¬ 
sumption of zero losses (even at 80 meters) results in 
a non-trivial error in the calculated input impedance 
of this feeder, leading to a drive current phase error. 
Since good f/b ratio is a vector subtraction of large 
numbers looking for a zero sum, a small error can lead 
to a large f/b ratio change. 

A BCD matrix algebra again demonstrates its versa¬ 
tility and flexibility for four-terminal network calcula¬ 
tions. Except for adding complex hyperbolic functions 
to my computer program, and coax loss interpolation, 
no other changes were necessary. Given the para¬ 
meters, it doesn't matter to the A BCD program what 
sort of network it is calculating. 
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9 MHz CRYSTAL FILTERS 


MODEL 

Appli¬ 

cation 

Band¬ 

width 

Poles 

Price 

XF-9A 

SSB 

2.4 kHz 

5 

$53 15 

XF-9B 

SSB 

2.4 kHz 

8 

72 05 

XF-9B-01 

LSB 

2 4 kHz 

8 

95.90 

XF-9B02 

USB 

2.4 kHz 

8 

95.90 

XF-9B-10 

SSB 

2.4 kHz 

10 

125.65 

XF-9C 

AM 

3 75 kHz 

8 

77 40 

XF-9D 

AM 

5.0 kHz 

8 

77.40 

XF-9E 

FM 

12.0 kHz 

8 

77.40 

XF-9M 

CW 

500 Hz 

4 

54,10 

XF-9NB 

CW 

500 Hz 

8 

95.90 

XF-9P 

CW 

250 Hz 

8 

151.20 

XF-910 

IF rtoise 

15 kHz 

2 

17 t5 


10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Invited. Shipping $375 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands. 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 


MMk 

MMk 

MMC 

MMc 

MMc 

MMc 


1691*137 

1296-144G 

439-ATV 

432-28{S) 

144*28{HP| 

144-28 


269.95 

180.05 

94.95 

69.95 

74.95 

54.95 


MM! 

MMk 

MM! 

MMI 

MMt 

MMI 


1296 144G 

1268-1 Aa 

43?-28(S) 

144*28{R) 

144-28 

435-28(S) 


LINEAR POWER AMPLIFIERS 


2M 

MML 144-30-LS 144.95 

MML 144-50-S 129.95 

MML 144-100-S 224.95 

MML 144-100-LS 249.95 

MML 144-200-S 439.95 


70cm 

MML 432-30L 
MML 432-50 
MML 432-100 


369 95 
289 95 
289 95 
349 95 
189 95 
299 95 


219.95 

229.95 

439.95 


ANTENNAS g* 

2M 

10XY 2M $74 95 

70cm 

70/MBM28 $44 95 

70/MBM48 64 95 

70/MBM88 94 95 

DY20-900 MH? 79 95 


- 


LOOP YAGIS 

1268-LY $49,95 

1296-LY 49 95 

1691LY 59.95 

order loop yagi connector extra 


Send 66c (3 stamps) for lull details ot all our VHF A UHF equipments and KVC crystal 
products LiHHkl 4Qnn 

Shipping FOB Concord, Mass jipQp mmm 


M 


P!fl«tt^i63*2145 

mi !§!SSpectrum 

ITERNAflONAL, INC. 


istOttlce Box 1084 

i, MACH742, U.S.A. 
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BASEBALL CAP 

How about an attractive BASEBALL style cap 
that has name and call on it. It gives a 
jaunty air when worn at Hamlesls and it is 
a gieat help lor friends who have never 
met to spot names and calls for easy < 
recognition. Great lot birthdays, anniver¬ 
saries. special days, whatever occasion A 
Hals come in the following colors; A 

GOLD. BLUE. RED. KELLY GREEN A 

Please send call and name 
(maximum 6 leilers per line), ^ 

i iUFBC-81 $6.00 


•af 


WA2SRF 


/yam.- 

radio." 

BOOKSTORE 

Greenville, NH 
03048 

Please add $3.50 
lor shipping 
and handling 


1.0. BA0GES 

No ham should be without an I D. badge 
It's |ust the thing lor club meetings, 
conventions, and get-togethers, and you have a 
wide choice ol colors Have your name and call en¬ 
graved in eilher standard or script type on 
one ol these plastic laminated 1,0 badges. 
Available in the following color combinations 
(badge/lettering): white/red, wood- 
grain/white , biue/white. white/black. 
yellow/blue, red/while, green/white, metallic 
gold/black. metallic silver/black 
i iUID Engraved I D Badge $2.50 
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simple modifications 
and adjustments 

for the TS-930S 


Minor changes 
let you align without 
test equipment, improve 
performance and reliability 


The Kenwood TS-930S offers the serious Radio Am¬ 
ateur the opportunity to enjoy the high quality of an 
all solid-state, general coverage transceiver with a very 
effective built-in automatic antenna tuner, among a 
number of options. Furthermore, Kenwood's updat¬ 
ed version, the TS-940S, provides all the same fea¬ 
tures plus improved cooling, increased memories, and 
keyboard data entry. For those using the TS-930S — 
and to some extent, those using the TS-940S — the 
following notes may be of interest. 

memory backup 

The TS-930S memory backup requires the use of 
three 1.5-volt AA batteries, which will easily last their 
shelf life. AA NiCads, however, may be substituted 
with good results; because the drain is only in the 
microampere region, recharging will be required only 
about once a year. This can be done by simply attach¬ 
ing some small clip-type probes to the polarity coded 
red and black leads that exit the battery housing on 
its left side (as viewed from the top, front of the radio). 

i-f alignment 

The rather laborious i-f alignment procedure outlined 
in the factory service manual may be greatly simpli¬ 
fied by using the receiver's 100 kHz marker as a sig¬ 
nal generator in conjunction with the S-meter. For 
convenience, and as a reference, the receiver's inter¬ 
nal "S9" meter adjustment is used to set the marker 


I level to S9. This provides relatively accurate signal 
readings, consistent with those I would give by ear. 
Unfortunately, the incoming signals above that level 
will read high, but in reality those are only relative at 
best, and l prefer the convenience of accuracy below 
that point, where it's more useful. Some operators 
may prefer a setting of S8 as a compromise, depend¬ 
ing on their particular needs. 

The service manual's instructions for the alignment 
of L132 and L134 in the rf processor i-fs are quite com¬ 
plex. To simplify this procedure, you can use your 
voice as a signal generator while peaking the slugs as 
indicated on the compression scale of the radio's mul¬ 
timeter. Alternatively, a complex sound such as fan 
noise picked up by the microphone and detected in 
the monitor mode will suffice by just peaking the audio 
signal without the meter reading. 

dial calibration 

To align the TS-930's 10-MHz time base for basic 
dial calibration, the following procedure will provide 
a simple, yet very effective means of relatively accurate 
calibration. First, tune WWV to the highest frequency 
in which an S9 or stronger signal can be copied. With 
the receiver in the a-m mode, enable the 100 kHz mark¬ 
er and adjust the rf attenuator until the optimum beat 
note is heard in the form of the conventional "whoosh¬ 
ing" sound, while adjusting TCI for zero beat. The 
best results will be obtained when the two signals are 
of equal amplitude — i.e., when the strongest beat 
note is heard. Always perform this calibration when 
WWV is well above S9 to allow for the maximum 
adjustment range of the rf attenuator. 

preventing failure in R400 

In all TS-930S units with serial numbers below 
4,100,000,* resistor R400 on the signal board is prone 
to failure. In my radio, the precursors of failure were 

•There are obviously not 4.1 million TS 930Ss — the manufacturer's num¬ 
bering system simply identifies products in this manner. Ed. 

Marv Gonsior, W6FR, 418 El Adobe Place, 
Fullerton, California 92635 
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suggested by a VOX malfunction and a 15-minute 
delay in the ALC meter reaching zero. Several other 
930 owners have told me that they've found R400 in 
their units discolored and too hot to touch; this strong* 
ly suggests a high probability of failure. 

The measured power dissipated in this resistor is 
1/2 watt with a 1.5-k value. The original rated dissi¬ 
pation of this resistor was either 1 /4 or 1 /2 watt (the 
reason for this uncertainty is that my failed resistor 
wasn't returned to me, and the manufacturer doesn't 
specify resistors in their parts lists). As originally 
designed, it was the only hot resistor on the signal 
board. In all models numbered above 4,100,000, Ken¬ 
wood changed its value to 2 watts, so be sure to in¬ 
spect this resistor for discoloration and measure its 
value. The existing resistor may be replaced by crush¬ 
ing its body and soldering the new one to the remain¬ 
ing leads; if you do it this way, you'll have to remove 
the signal board. Of course, if you're removing the 
board any way, you might as well replace the resistor. 

R400 is difficult to find because it's not located in 
the area of its sequential grouping, but instead at the 
top left center of the signal board, as viewed from the 
bottom side of the radio (facing you). If you have the 
service manual — a bargain at $15, by the way — you 
can find R400 at the intersection of C and 1.5. 

ALC considerations 

Some operators have been experimenting with the 
ALC time constants, with the objective of increasing 
the 930's “talk" power. They believe that some minor 
improvement may be accomplished by decreasing the 
decay time of the ALC, since this varies by the net 
tolerances of the components involved. However, any 
alteration (delay) of the attack time should be avoid¬ 
ed because doing so will only increase the intermodu¬ 
lation distortion products. A senior Kenwood factory 
engineer has advised that any ALC indication above 
zero causes an increase in distortion; therefore, ALC 
should be used sparingly and in accordance with the 
operating instruction manual. Should the decay time 
be found to be excessive (that is, about 5 seconds 
from half scale), it may be reduced by changing R240 
— located at the intersection of 4 and C/D (see page 
39 of the service manual) — on the signal board to 
a smaller value. Unfortunately, unless you remove the 
board, you'll have to crush it, salvaging its leads for 
the replacement. 

rf decoupling 

Like most solid-state equipment, the TS-930S 
exhibits some degree of rf susceptibility, even under 
very low VSWR conditions. Coil cords make excellent 
antennas. So do any other cables to external units 
such as speakers, phone patches, and keyers. The 


liberal use of ferrites, consistent with good shielding 
practices, will usually take care of most problems. It's 
axiomatic that all external leads should be decoupled. 

Evidence of external rf entering the radio and result¬ 
ing in distortion may be found as follows. Wearing 
headphones, turn off the monitor and determine 
whether a garbled SSB signal is heard. Next, place 
the multimeter in the Vc position and note if it remains 
well regulated under full power conditions, especially 
with a power amplifier in operation. Poor Vc regulation 
is a sure indication of a problem, either because of rf 
or in the regulator circuit itself. 

improving transmitted audio, 
greater IMD suppression 

Users of radios with serial numbers below 3,080,001 
may not be aware that a Kenwood factory modifica¬ 
tion was inaugurated at that point for improved trans¬ 
mitted audio quality — i.e. improved IMD suppression. 
The modification consisted of increasing the collec¬ 
tor current of the rf drivers and final transistors, the 
MRF485s and the MRF422s in their quiescent state. 
The effect is more pronounced in the reduction of the 
higher, odd order products. The full details can be 
found in Kenwood's Factory Service Bulletin No. 867 
(March 29, 1983), entitled “TS-930S SSB TX Tone 
Quality." The enhanced performance occurs by oper¬ 
ating the drivers and finals deeper in Class AB1, by 
increasing their collector idling currents from 50 and 
500 to 70 and 1100 mA, respectively. To determine 
if this mod has already been incorporated in your radio, 
place the multimeter in the Ic position and compare 
the value you read to the 1100 mA. To some extent, 
the results of this mod account for the difference in 
transmit quality between the earlier and later versions 
of the 930. 

Thanks to W4CG, a 5-dB improvement in the IMD 
of the radio may be readily obtained by replacing Q1, 
the rf pre-driver (a 2SC2075) with a Motorola MRF485. 
It's essential that the MRF485 be of current manufac¬ 
ture because early devices exhibited a thermal runa¬ 
way problem which has since been corrected by 
Motorola/The new, improved version is identified by 
a narrow white horizontal stripe across the face, just 
above the device identification number. The MRF485 
is an ultralinear device, especially designed for SSB 
service and therefore just a bit better in this applica¬ 
tion than the2SC2075, while being fully interchange¬ 
able in form, fit, and function. Therefore, no parameter 
change is required. Replacing the device is actually 
quite simple. It can be a bit of a chore in the 930 
because of the tedium of removing the rf board from 
its mounting; in the 940, the job is much easier. 

quieting a noisy cooling fan 

In most radios, the power supply fan will become 
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noisy after a year or two, depending upon the partic¬ 
ular fan unit and the number of hours of use. Ken¬ 
wood has developed a simple modification that greatly 
reduces or eliminates it. The mod consists of adding 
a small spring clip (Part No. 602-0549-04) to laterally 
load the fan shaft. Described in Kenwood's Service 
Bulletin No 893, the mod takes only about 30 minutes. 

I've also found that a light Teflon™~loaded lubricat¬ 
ing oil such as Tri-Flow™ is an excellent lubricant for 
the front bearing of both fans. However, unfor¬ 
tunately, neither fan is designed for lubrication of the 
rear bearings. 

increasing dial light life 

in order to save the multimeter dial lights, which are 
costly and based on a special pigtail design, Kenwood 
recommends that they normally be operated in the 
"dim" position. However, a 12-volt Radio Shack unit 
(No. 272-1141, 79$) can be substituted and wired in 
series for the 28-volt source. 

ergonometric “face-lifting" 

Adding some 1-inch rubber extensions to the front 
mounting feet will make viewing the controls easier, 
thereby helping the operator's posture and possibly 
lessening eye strain. (This will be especially true for 
contest operators.) These rubber extensions are 
obtainable at parts supply houses or hardware stores 


at a nominal cost. I cemented mine to the existing feet 
with 5-minute epoxy. 

balanced modulator stability 

I've observed a frequent , random imbalance be¬ 
tween the capacitative and resistive balance adjust¬ 
ments. While the radio undoubtedly meets its carrier 
suppression spec, it is rather disconcerting to observe 
the imbalance occurring. Therefore, it's a good idea 
to check the balance periodically, using another 
receiver as a detector or an oscilloscope with a dum¬ 
my load across the output of the radio. While the 
amount of carrier may be small, it may become quite 
annoying when it's amplified by a linear and a beam. 
When using an auxiliary receiver as the detector, ad¬ 
vance the Processor In control fully clockwise and 
reduce the Processor Out control counterclockwise to 
the fully off position. This provides the best combina¬ 
tion for checking without audio feedback. 

conclusion 

Ail of the foregoing procedures may be accom¬ 
plished without test equipment and without following 
the detailed factory instructions, yet they should yield 
the same results. I hope that these methods and 
observations will, in some ways, add to your operating 
pleasure while using these fine radios. 

ham radio 
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The APS-1 is a self-contained control head designed to allow 
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packet radio conference bridge 


AX.25-compatible bridge 

links six stations 
for routine or emergency 

communications 

From the beginning, packet radio has been 
essentially a point-to-point mode. Even with the 
TNC-2's multi-connect capabilities, it hasn't been 
possible for all participants in roundtable or net-type 
operations to be connected to everyone else in the net. 
Although makeshift arrangements have been devised, 
they've lacked the anti-collision and error-controlling 
capabilities of the AX.25 protocol. 

In an effort to solve these problems, Tom Aschen- 
brenner, WB5PUC, has designed a truly error- 
controllable, AX.25-compatible conference bridge. 
Because it's combined with other network software 
components he's designed, the conference bridge is 
offered in two versions. The one described here fits 
into a replacement EPROM for a TNC-2 clone; the 
other is a part of the software installed in the 
9600-baud network node controller board for 
TexNet. 12 

A conference bridge module in a TNC-2 clone or 
a TexNet node provides full-protocol, multiple-station 
roundtable or net-type operation between packet 
stations. Typical operation is accomplished by each 
of the stations involved in the net connecting to the 
bridge-equipped node by using the Secondary Station 
Identifier (SSID) assigned to the conference bridge 
function. On the test nodes in operation in the Dallas 
area, the SSIDs are -2 and -3 on each node. The 
current version of the network software supports two 
independent conference bridges of six participants 
each. It's also possible to connect to the bridge 
through one digipeater if necessary. 

typical conference bridge operation 

To connect to a conference bridge, each station 


I connects as if it were connecting to any other packet 
station. A typical text sequence to a conference bridge 
would be: 

C WB5PUC-2 < carriage return > 

The operator's TNC does the connect routines. 

The following will then appear on the operator's 
CRT: 

***Connected to WB5PUC-2 <cr lf> 

(from TNC) 

Welcome to the WB5PUC Conference Bridge. A 
Control-U shows all stations connected to this 
bridge. 

At this point or at any other time, the response to 
a Control-U command to the bridge will bring up a text 
string listing the calls of all connected stations. For 
example: 

N5EG-5 WD5HJP W5YR-7 WA5MWD-3 

connected 

No additional commands are needed to operate the 
bridge. 

In the normal operation mode, each operator 
receives a text string with a shorter header indicating 
the call of the originating station. For example: 

WD5HJP> Transmitter power is now at 100 

watts. 

N5EG-5> OK Bill, try adjusting trimmer C15 

now. 

W5YR-7> What are you guys up to? 
WD5HJP> Hi George, just adjusting the 
node's final amp. 

When the QSO is over, those connected to the 
bridge simply disconnect as they would from any other 
packet connection, via a DISCONNECT command in 
the Command mode of the TNC. 

operations test 

A routine test of the emergency plan for the Point 
Beach, Wisconsin nuclear power plant in September, 
1986, provided an intensive on-the-air test of an early 
version of the conference bridge software. Though not 
specifically designed for such use, the conference 

Bill Wade, WD5HJP, Texas Packet Radio 
Society, 600 Via Sevilla, Mesquite, Texas 75150 
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bridge served as the hub of an emergency communi¬ 
cations network that included a link to the state capital. 
Overall, the bridge performed well in its original form; 
later modifications have been implemented to facilitate 
its use in emergencies. 

The Nuclear Regulatory Commission (NRC) requires 
annual testing of every nuclear power plant's emer¬ 
gency plan. This test is designed to evaluate the ability 
of plant personnel and the utility company holding the 
facility's license to cope with an accident. The NRC 
measures their ability to assess the extent of danger 
to the public, their effectiveness in recovering control 
of the plant, and their ability to minimize damage to 
the surrounding environment. A succession of events 
pushes the plant engineering staff through a series of 
critical decisions; events are programmed into the 
scenario to simulate damage to the power plant and 
motivate recovery action by the staff. 

For a realistic overview of the performance of the 
allied agencies that would be involved in an actual in¬ 
cident, the test scenario includes a simulated evacua¬ 
tion. State, county, and municipal emergency units 
become involved in the plan when supervisory NRC 
engineers and the utility's power plant engineers have 
recognized a possible threat to public safety. At some 
point in the escalation of the situation, the plant staff 
recommends evacuation, triggering activation of a 
number of government safety, information, and pub¬ 
lic assistance centers. 


At that point, the power plant staff contacts the 
county and state emergency units and delivers its 
assessment of the situation. The complement of 
offices that become active in the evacuation phase of 
the emergency plan are the county Emergency Oper¬ 
ations Center (EOC); the state Emergency Government 
Office (EGO); the Department of Human Resources 
Reception Centers that will process evacuees; the 
Joint Information Press Center (JIPC), the official 
information center for the emergency; and the off-site 
power plant Emergency Operations Facility (EOF), 
from which the NRC and utility supervisory engineers 
make their recommendations to the state and county 
emergency government. 

Each of the 102 nuclear power plants in operation 
in the United States is surrrounded by an Emergency 
Protection Zone (EPZ) with a radius of 10 miles. This 
EPZ is the area considered under immediate hazard 
in case of any airborne release of radioactivity. The 
Point Beach power plant EPZ includes three towns — 
Two Rivers, Shoto, and Two Creeks — and extends 
into Lake Michigan. 

test scenario 

This particular scenario began with a hypothetical 
earthquake tremor, causing a series of leaks in the 
cooling loops of the "B" power plant. Subsequent 
"damage" to the plant caused some injuries and con¬ 
tamination of plant employees and allowed the release 
of radioactive steam into the atmosphere. By 8 AM, 
after a damage assessment, the county and state 
government were notified that there was a "public 
danger"; the county emergency office notified the 
Manitowoc RACES EC, who activated the amateur 
emergency system. Stations equipped with 2-meter 
fm voice and packet equipment were established at 
each of the operations centers listed above, with the 
exception of the plant Emergency Operations Facility 
(EOF), not normally accessible to the public. 

RACES participation 

The Amateur community in Manitowoc County is 
actively involved with the county emergency govern¬ 
ment office.’ During the test, the five-station RACES 
system was centered around the Manitowoc County 
EOC, which has a permanent Amateur Radio station 
linked via microwave to a dedicated voice repeater 
(WB9MFB, 145.19/.79) located at the county trans¬ 
mitter facility. Four remotely-sited, linked voting 
receivers increase the effectiveness of this 60-mile 
diameter service area, 2-meter fm voice system. For 
packet operations, a permanent conference bridge- 
equipped packet digipeater (N9AXV-2, 145.01 MHz) 
utilizing an MFJ-1270 TNC-2 is installed at the trans¬ 
mitter site. The voice repeater and packet digipeater 
are converted 100-watt Motorola transceivers. 
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ANNOUNCING 

SOUND OFF MODEL 10 



Sound Off Model 10 is a self-contained mes¬ 
sage generator complete with case and power 
supply. The Model 10 was designed specifi¬ 
cally for applications where repetitive high 
quality natural voice announcements are re¬ 
quired, i.e. Amateur repeater and commercial 
radio syslems. The Model 10 stores your 
natural voice message in nonvolatile EPROM with single message lengths 
of up to 32 seconds. The Model 10 provides for both single and continuous 
play modes. Factory setable internal timers can set timing intervals from 
seconds to 30 minutes ormore. All control functions and timers are provided 
for this application, (COR sense, transmitter activity sense, PTT. ID timer.) 

Models 20,100 and 150 available lor applications requiring random access 
multimessage capabilities in nonvolatile re-recordable message times of 
up to 4 minutes, 

Mode! 10 prices start at $219.00. 
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Other equipment used at all of the temporary public 
service Amateur stations included additional 2-meter 
fm voice transceivers for the RACES 145.19/.79 
repeater. Voice fm was used to coordinate large file 
transfers and to back up the packet equipment. A 
variety of computers (chiefly IBMs and IBM clones and 
Commodore 64s) and TNCs (AEA, Kantronics, MFJ, 
and original TAPR Vs and 2's) were used without any 
compatibility problems. Each of the locations was 
equipped with the appropriate disk drives; some were 
also equipped with printers. 

Operators at each of the centers connected to 
N9AXV-2, the conference bridge/digipeater at the 
county transmitter site. N9AGH-1 was at the Wis- 
conson State Emergency Government Office in Madi¬ 
son, the state capital. To reach the conference 
bridge, N9AGH-1 connected through two digipeaters, 
WA9SOU (in Baraboo) and WB9SDA (in Fond Du 
Lac), a link length of over 150 miles (see fig. 2). 
WB9MFB, at the county EOC, K9DHR, at the recep¬ 
tion center in Manitowoc, and N9DGL, at the JIPC 
in Two Rivers, were all connected directly to the 
bridge. 

Once the stations were connected, typical opera¬ 
tion proceeded as in any other net. Net control was 
maintained by operators at WB9MFB, the county 
EOC. Traffic was passed simply by sending the text 
via packet from each of the sites. Since all stations 
on the bridge were getting identical copies of text, very 
little repetition was necessary. 

impact of packet operation 

The worth of the conference bridge and packet radio 
was demonstrated immediately. The test emergency 
was declared from the governor's office in Madison, 
and the message went out via the two-digipeater link 
to the conference bridge at the Manitowoc EOC. A 
parallel 75-meter phone system running from the state 
emergency office to the county EOC was also acti¬ 
vated. The packet conference bridge delivered the 
message correctly, approximately 30 seconds ahead 
of the 75-meter phone link. The 75-meter system 
garbled the power plant emergency protection zone 
(EPZ) grid coordinates in the first message! 

In some respects, use of the packet conference 
bridge became second nature. To simulate a system 
failure, Ron Shimek, WB9MFB, the county EC, dis¬ 
connected power to the conference bridge, forcing the 
use of point-to-point packet communcation. When 
they became aware of the system failure, packet oper- 
ators set up point-to-point links to re-establish com¬ 
munication. Although throughput was slower, point- 
to-point operation did provide usable information. As 
a backup, a standby station had been set up to moni¬ 
tor activity and act as recorder for the entire test. 






test results 

At the conclusion of the exercise, the Emergency 
Coordinator described the conference bridge as a key 
ingredient in the success of the test. In his report, he 
emphasized that federal observers had been impressed 
not only with the speed and accuracy of traffic han¬ 
dling, but also with the capability for time/date stamp¬ 
ing of traffic (using the computer systems' real-time 
clocks) and for producing hard copy simultaneously 
at all sites. 

Because all the stations in the emergency system 
were connected through the conference bridge, 
automatic status and warning updates were available 
at all sites. An NRC inspector mentioned to one of the 
participating Radio Amateurs that thanks to ham activ¬ 
ity, he was never out of touch with any of the sites 
for the duration of the test. The Federal Emergency 
Management Authority (FEMA) observers indicated 
that they would encourage further use of packet radio 
and the conference bridge in future tests. WB9MFB's 
evaluation of the test suggested a broader role for the 
RACES group in both forthcoming tests and actual 
emergencies. 

recommendations for future designs 

The relatively few operation anomalies that caused 
some delays on the system were largely attributable 
to QRM originating outside the limits of the test area. 
The Manitowoc county transmitter site is about 3 miles 
from Lake Michigan; there is considerable channel 
activity from Milwaukee and Chicago to the south and 
from Michigan across the lake. All of the test activity 
took place on 145.01 MHz. Typically, there are periods 
of 10 to 20 minutes when the N9AXV digipeater 
squelch never closes. Selection of another frequency 
besides 145.01 MHz for operation would be desirable. 

Connection of the conference bridge to a network 
system is also recommended. In this test, the state 
emergency government center was by necessity corv 
nected through a 145.01-MHz, two-digipeater link. 
Response time from that part of the system was 
proportionately slower, but still quite usable. Other sit¬ 
uations without such a robust digipeater link would 
benefit from use of a backbone network system. The 
conference bridge software does allow connection to 
any network because of its compatability with AX.25. 

WB9MFB has suggested that a system monitor be 
set up in advance to record all activity during an emer¬ 
gency communications test. Packet operation offers 
a significant advantage in this regard, in that all text 
information is easily stored to disk. In this case, the 
system monitor provided a good backup to the NCS; 
later, when the EC and RACES group needed to do 
evaluation of their own, the stored information proved 
to be useful indeed. 


Other recommendations include eliminating BBS 
activity on frequency during tests or actual emergen¬ 
cies to help avoid channel congestion. Operators from 
outside the test area occasionally interrupted RACES 
activity with inquiries about the test and the confer¬ 
ence bridge. 


implications of conference 
bridge operation 

Amateurs who've handled traffic in hurricanes, tor¬ 
nados, or other disasters know that telephone systems 
are the first communications systems to become over¬ 
loaded or destroyed. The Point Beach scenario 
demonstrated that utility companies and state agen¬ 
cies are still blindly tied to this relatively fragile com¬ 
munications resource. The ability of packet radio 
systems to handle high volumes of traffic quickly and 
accurately under difficult circumstances is being 
demonstrated regularly; as part of these systems, a 
conference bridge can provide reliable communica¬ 
tions to the people that need it most. 
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the TEXNET packet-switching 

network 

part 2: hardware design 


In last month's article, 1 we discussed network 
algorithms and the software layering. This month, 
we'll focus on the design and testing of hardware for 
the network, and on the results that have been 
achieved to date. 

system partitioning 

Partitioning hardware to minimize the number of 
signals that must connect between units offers three 
benefits: simplified cabling, easy measuring and 
modification of individual units, and flexibility in the 
construction of the network. 

Figure 1 is a block diagram of a TEXNET network 
node. There are four main pieces: a local area network 
(LAN) radio, which in this case is a 1200-baud AFSK 
modem and 2-meter radio; an inter-processor (IP) radio 
(a 9600-baud FSK radio and modem) for use as the 
high-speed network trunk; a node control processor 
(NCP) that contains the microprocessor and com¬ 
munications ICs; and the power supply, which 
contains a three-state float charger, battery, and 
circuitry for automatic uninterrupted power should ac 
power fail. 

LAN radio and modem 

This channel is the primary method by which users 
with TNCs and 2-meter radios connect to a network 
node. By connecting the modem separately from the 
processor, any modem can be used — 300 baud, 1200 


I baud, 2400 baud, or whatever might be desired. 
Figure 2 is a diagram of the modem, which is similar 
to the TAPR TNC-1 modem. We chose to implement 
an active filter equalizer with op-amps instead of a 
switched-capacitor filter 1C. The modem includes a 
45-second time-out timer to disable the transmitter 
should the controller fail for some reason. The strap 
allows setting the EXAR demodulator VCO center fre¬ 
quency, but better results can be obtained by adjusting 
the VCO frequency control pot and observing the 
received "eye" pattern on an oscilloscope from an 
AFSK signal known to be good. An eye pattern is 
observed on an oscilloscope by synchronizing the 
scope trigger with the recovered clock and displaying 
the data. Since the data displayed is not involved in 
triggering the scope, a random display of all data 
sequences is shown, but the zero crossings are fixed 
in time on the screen, yielding an open area in the cen¬ 
ter of a data bit (known as the "eye"). Figure 3 shows 
a typical eye pattern, the recovered clock, and the 
slicing level (which decides between a 1 and a 0). The 
basic decision circuit is shown in fig. 4. 

The radio is an ICOM-IC22S, a popular 2-meter 
transceiver, with the frequency hard wired to 145.05 

Thomas H. Aschenbrenner, WB5PUC, and 
Thomas C. McDermott, N5EG, Texas Packet 
Radio Society, P.O. Box 831566, Richardson, 
Texas 75083-1566 
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fig. 1. Hardware block diagram of TEXNET node. This diagram shows the partioning of the node into functional blocks, 
the processor, the two modems / radio interfaces, and the power supply / battery charger. 


MHz. The transmit audio is injected after the 
microphone amplifier; the receive audio is tapped off 
prior to the audio PA in order to avoid the severe 
degradation of frequency response that results if the 
speaker and microphone leads are used for audio pick- 
off and injection. 

IP radio and modem 

The performance of the network trunks is very 
important in determining the overall throughput of the 
network as a whole. As each user sends traffic into 
a network node, all traffic is multiplexed (combined) 
onto the high-speed trunks. Thus the trunks carry a 
much greater amount of traffic than the user links. 
Because of this, we have decided to operate the trunks 
at 9600 baud, with rapid Transmit/Receive (T/R) 
switching. Rapid T/R switching is required because 
at 9600 baud, actual packets take relatively little time 
to transmit, and the T/R delay can determine the 
effective channel capacity. 

Figure 5 illustrates the effective channel capacity 
versus T/R delay for a 9600-baud channel with no 
errors, and one acknowledgment packet for the entire 
transmission. Several different values are shown: one 
indicates the number of packets per transmission, 
another the number of bytes per packet, and a third 
for two values of DWAIT (digipeater waiting time, 
which allows a digipeater transmission priority). 
Because there are no digipeaters in TEXNET, DWAIT 
= 0. (A value of DWAIT = 80 ms is typical for 2-meter 


channels.) Our experiments involved the use of a pair 
of Hamtronics FM-5 220-MHz fm transceivers and 
K9NG's modems. These radios are modified to operate 
FSK, and the received data signal is tapped off the 
quadrature detector in the receiver. Since these radios 
are PIN-diode switched between transmit and receive, 
we were able to make them operate with 40 ms T/R 
delay, although in practice 80 ms was allowed. 

We encountered some difficulty in making the 
radios operate properly at 9600 baud. Apparently these 
problems were due in large part to variations in the 
performance of different FM-5 radios, which were 
designed not for high-speed data operation, but rather 
for fm voice operation. In an effort to improve the 
operation of the radios, a number of experiments were 
run, and modifications were made to the modem. 

To understand this better, let's review the basics of 
frequency-shift-keyed (FSK) data transmission, the 
spectrum of a non-return-to-zero (NRZ) data signal at 
baseband, and the performance of i-f filters in the time 
domain. We'll see that all three have to be addressed 
properly to assure proper performance of the radios 
and modems. 

An NRZ signal is one that toggles between logic 1 
and logic 0 no more than once per bit period (see fig. 
6). In an FSK system, two frequencies are transmitted 
—• one for logic 1, the other for logic 0. At the output 
of the discriminator/quadrature detector at the re¬ 
ceiver, the two frequencies are translated back to 
voltages. If the frequency of the transmitter were to 
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vary slightly, then both the logic 0 and logic 1 voltages 
would also vary. A simple method to determine the 
correct "slicing level" for deciding between a logic 1 
and a logic 0 is to choose the voltage halfway between 
the two. This is simple to do by using a low-pass filter 
with a time constant quite a bit longer than the data 
period to generate the slicing voltage level. Then the 
slicing threshold will "track" the logic 1 and 0 voltages 
automatically (see fig. 7). This requires, however, that 
the transmitted data have, on the average, the same 
number of ones as zeros; if they don't, the recovered 
slicing level will be biased off the true center point 
(fig. 7). 

In HDLC, the code used for AX.25, there is no guar¬ 
antee that the code will be dc-balanced (i.e., have 
same number of ones as zeros). In fact, the flag 
character contains two zeros and six ones, thus having 
a large dc offset from one-half. A simple way to solve 


the problem is to use a pseudo-random scrambler to 
cause some apparent randomization of the data 
sequences. A self-synchronized descrambler is used 
on the receiving modem to recover the original bit 
stream. This is the method used on the K9NG modem 
to send and receive data, a 17-stage scrambler being 
used. With this arrangement, the average number of 
ones and zeros is nearly the same. Certain sequences 
into a scrambler can, however, produce long strings 
of ones or zeros. If a long string were to occur, our 
low-pass filter in the receiver would tend to drift off 
the center voltage, halfway between the 0 and 1. So 
we must compromise the time constant of the low- 
pass filter in the receiver slicing level circuit {which we 
would like to make very long) with the need for rapid 
T/R switching, where we need to acquire the proper 
level quickly. In addition, any capacitors used to couple 
the analog signal must have long time constants; if 
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they don't, the average voltage will drift as the low- 
frequency components from the scrambler charge and 
discharge the coupling capacitors. 

Several modifications of the K9NG modem are 
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fig. 5. Effective channel capacity vs. T/R delay. This 
graph shows the effective capacity (baud rate) of a 
channel for different transmit/receive switching delays, 
with and without an additional delay, called DWAlT 
(digipeater wait time). TEXNET does not use digipeat- 
ers, so DWAIT = 0. 
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associated with increasing the time constant of these 
circuits, where they're not critical to the T/R switching 
delay. A list of the modifications is included in fig. 8. 
The most significant improvement came with addition 
of a group-delay equalizer in the receive section of the 
modem. In order to appreciate the requirements for 
this, let's look at how filters work both in the frequency 
domain and the time domain. A typical i-f filter used 
in voice or CW work has very sharp "skirts." That is, 
the amplitude response decreases sharply from the fil¬ 
ter center frequency. In addition, the response is 
relatively flat within the passband. This filter has a 
great deal of time delay distortion (see fig. 9). The time 
delay is minimum at the filter center frequency and 
rises sharply at both the upper and lower filter cutoff 
points. This causes no particular problems with voice, 
where the distortion of the waveform isn't important. 
But with wideband data signals, where we need to 
distinguish the value of data bits that are adjacent in 
time, the spectral energy nearer to the filter cutoff 
points will undergo a greater delay through the filter 
than the energy near to the center frequency. When 
this signal is converted to baseband (i.e., fm demod¬ 
ulated), it can be shown that frequencies near the fil- 
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1. ShortCII 

2 Cut K2-5 

3 Cut U2-4 

4 Change Ut to LM314 

5. Change R8 to 33 Ok 

6. Add group-delay equalizer (see circuit) 

7. Add Ik from collector of Ql to +5V 
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fig. 8. List of modifications to K9NG modem. The reference designators follow the TAPR documentation for the K9NG 
modem. The list includes all modifications to the modem, and additions (delay equalizer) to the modem circuitry. The 
schematic shows the additions to the modem. 


ter center frequency correspond to the low-frequency 
spectrum of the NRZ (baseband) signal, while the 
frequencies near the filter cutoff (away from the filter 
center) correspond to the higher frequency com¬ 
ponents of the baseband signal. Thus we can "map" 
the time delay of the filter into baseband by "folding" 
the time response about the center frequency, which 
becomes the zero frequency of the baseband. Thus 
the filter produces small delay at low baseband 
frequencies, and larger delay at higher baseband 
frequencies. 

The 455-kHz i-f filter in the FM-5 radio is a sealed 
ceramic unit; no adjustment is possible. Instead of 
designing a new filter with desirable time-delay 
characteristics, we instead built an active filter circuit, 
with flat amplitude response, but with an adjustable 
time-delay response. This network has maximum delay 
at dc, and decreasing delay at higher frequencies. The 
circuit is adjustable, so that we could construct an 
approximate inverse time delay to that caused by the 
i-f filter. Figure 10 shows the amplitude, phase, and 
time response of this baseband group-delay equalizer 
(active filter), and the baseband eye pattern with and 
without the delay being equalized. After delay 
equalization, it can be seen that the eye is much more 
open near the center of the bit, when the 1 /0 decision 
is reached. Our measurements indicated a 7-dB 
improvement. We also provided about 1 dB of peaking 
of the frequency response, which opened the eye 
about 1 dB more, yielding an 8 dB improvement in the 
receiver. Actual tests with the radios indicated that this 
made the difference between usable and nonusable 
performance. Without the equalizer, the radios 
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fig. 10. Amplitude, phase, and delay of the group-delay 
equalizer “eye" with and without equalization. The base¬ 
band group-delay equalizer has flat amplitude response, 
and a varying phase vs. frequency response. The group- 
delay is the negative of phase slope vs. frequency. Thus 
the group-delay is large as dc, and diminishes with in¬ 
creasing frequency. 


"'dribbled" (i.e., had a background error rate regardless 
of the strength of the received signal}, which caused 
many packets to be lost. 

One additional problem that had to be overcome on 
our ''real" path test hop was insufficient image 
rejection in the FM-5. The test path is in an area where 
television channels 11 and 13 are very strong. The 
channel 11 video carrier is near the image frequency 
of our desired channels (the radio i-f is 10.7 MHz, so 
the image is 21.4 MHz lower than the signal 
frequency). Figure 11 shows a simple filter; fig. 12 
shows its response (S11 and S12) This filter was 
extremely effective in eliminating the image response. 

With these improvements, we've run a 12-mile path 
on 220.55 MHz at 9600 baud, at better than 98 percent 
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fig. 11. The 220-MHz front-end filter. Air-variable capacitors 
are necessary for adequate filter Q. The two resonators are 
closely coupled. The high tap position sets the loaded-0 of 
the resonators and prevents over-coupling, while maintain¬ 
ing low insertion loss. This filter is exceptionally difficult to 
tune properly. 


reliability — 98 percent of the packets are received 
without error. This hop is such that 4-clB additional 
attenuation at one radio caused the packet reliability 
to be approximately 5 percent, and so was a stringent 
test of the radios and modems in that the radios were 
operated near the minimum acceptable received signal 
level. 

The FM-5/K9NG modem experiments gave us 
valuable insight into proper modem/radio design. We 
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fig. 12. S11 and S12 of the filter. The forward transfer 
(insertion loss) of the filter is S12, while the return loss 
(related to input VSWR) is S11. This filter has about 1.3 
dB insertion loss, and about 8 dB return loss. The notch 
is near the image frequency of the 220-MHz receiver. 
















plan to revise the modem circuits, utilizing surplus 
commercial 440-MHz equipment for the actual 
network. 

NCP design 

The next element in the system is a microprocessor 
performing as the network switching node. The node 
control processor (NCP, figs. 13 and 14) is an original 
design, though several modifications have been made 
since the original artwork was done. The design of the 
unit is conventional, with a few points emphasized for 
reliability. 



fig. 13. The Node Control Processor {NCP1, version 1, with 
several modifications. A new version 2, which is a multi¬ 
channel super-set of the popular TNC-2 unit, is being 
designed. 


The unit contains a Z80 operating at 4 MHz, 32K 
of EPROM, 32K of RAM, an SIO/2 serial com¬ 
munications 1C for the serial HDLC ports, a count¬ 
er/timer 1C (labeled CTC and situated on the 
modification "ledge" overhanging the main board) for 
providing the interrupt clock time slices (of 8 ms), and 
two special circuits. Careful design of the NCP 
hardware and interrupt daisy chain to match the 
software was required for the computer to operate 
reliably at 9600 baud and support multiple HDLC 
channels simultaneously. All of the I/O devices utilize 
vectored interrupts through the Z80 interrupt daisy 
chain. Figure 15 shows the entire TEXNET node 
prototype (both radios and modems, ac power supply, 
and the NCP. 

We decided to develop our own board in order to 
keep costs down and allow the inclusion of two special 
circuits. 

The first circuit is a reliable crystal oscillator. Many 
logic-gate type of crystal oscillators aren't reliable 
enough for use in remote, unattended computers. 
Numerous tests have shown that under certain volt¬ 
age transients, gate-type oscillators won't start 
reliably. It's a nuisance to have to climb a tower to 
recycle the power just to restart a crystal oscillator, 
and inconvenient to users to have the network out of 
service during this time. The circuit chosen is a 
conventional Pierce type, with an additional transistor 
buffer amplifier. It was tested extensively and found 
to be robust. (One test to try on an oscillator is to feed 
the circuit from an adjustable voltage supply. Set the 



fig. 14. The NCP, showing the crystal oscillator, baud generator, microprocessor, 32 kbytes of EPROM, 32 kbytes of RAM, 
one HDLC synchronous communication IC. the counter-timer 1C, and the fail-safe state machine. 
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fig. 15. The complete TEXNET node prototype. This is the first 
prototype of the TEXNET node, which includes the NCP, high¬ 
speed modems, the 2-meter radio, the 220-*MHz radio, and 
the ac power supply. 


voltage to 0, turn on the power, and very slowly 
increase the supply potential to the nominal voltage 
— for example, over a period of 30 seconds. If the 
oscillator refuses to start, starts on the 3rd harmonic, 
or starts at the wrong frequency, the circuit should 
be rejected as unsuitable for unattended operation. 
Many logic-gate oscillators will fail this test.) 

The second special circuit is a fail-safe state ma¬ 
chine. This is an EPROM-based logic circuit that 
monitors the IP data and clock lines (from the high¬ 
speed trunk radio), completely independently of the 
processor or communication ICs. It searches for the 
presence of a very long (72 bit) sequence. If this 
sequence is ever detected, the state-machine activates 
the reset line on the microprocessor, thus restarting 
the node software. An EPROM contains both the val- 
ue of the 72-bit sequence and the state-machine code 
necessary to operate the circuit. Each node is pro¬ 
grammed with a different 72-bit sequence, which 
we've termed the "fire code." Any user of the network 
can cause the generation of a message with the fire 
code of a suspected node to be embedded in the 
message and sent via the network to the suspected 
node. Thus any node in the network can be rebooted 
(reset) from any other point within the network. 
There's a very small chance that ordinary user traffic 
through the network could resemble the fire code, but 
since the sequence is so long (72 bits), the mean time 
between false activation is calculated to be 
considerably more than 1 million years, 

A new version of the NCP will include strappable 
options, and the circuitry for optional addition of the 
packet message system (PMS), a 5-megabit hard disk 
drive-based bulletin board that allows up to ten users 


to be connected simultaneously. Automatically acces¬ 
sible from anywhere in the network, it's compatible 
with the WORLI command set (the most popular 
packet-radio bulletin board system). Figure 16 shows 
the PMS prototype — the world's first turbo-charged 
TNC-2 clone! This test box contains an ac power 
supply (vertical), an MFJ-1270 (a TNC-2 clone) with 
WB5PUC ROM, a disk controller, and a 5-megabit 
hard drive. The 280 microprocessor is removed from 
the TNC-2, and an adapter is plugged in its place. The 
280 plugs into the adapter. The ROM software for both 
the NCP and the TNC-2 are very similar, except that 
the NCP supports two radios (or more). The NCP is 
designed so that it is a superset of the TNC-2 
hardware. (Further details will be found Part 3 of this 
series, which will address software design.) 

This concept could be tested as a satellite gateway, 
perhaps with UOSAT-11, as a store-and-forward 
message system. 

power supply 

The power supply for the network node is extremely 
important in determining the reliability of the network. 
If the network is to be useful for handling emergency 
communications, it should be able to survive tempo¬ 
rary power outages. Consequently, the TEXNET 
power supply utilizes a gelled-electrolyte (gel-cel) lead- 
acid battery, which can provide power for several 
hours and has a reasonably long life if properly charged 
and maintained. 3 The power supply for the node 
utilizes +17 through +24 VDC as the input power 
source, unregulated (but filtered). The supply/charger 
(see fig. 17) regulates the input to +13.8 VDC through 



fig. 16. The Packet Message System (PMS), a 5-megabyte 
hard disk drive-based bulletin board, supports 10 simultane¬ 
ous users. This prototype includes a TNC-2 clone, the hard 
drive controller boards, the 5-megabyte hard disk drive, and 
the ac power supply, A second version is connected to the 
node prototype, and is accessible from anywhere in the 
network. 
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a three-terminal, 10-amp regulator (LM396). The 
battery charge is controlled by a three-state 
temperature-compensated charger 1C (a Unitrode 
UC3906). When the ac fails, a relay connects the 
battery to the load. A capacitor is used to hold up the 
+ 5 VDC load voltage for the switching time of the 
relay. Should the battery completely discharge {i.e., 
produce less than 12.0 volts dc), the relay protects the 
battery by disconnecting it from all loads, and the pow¬ 
er fails. 

The life of a battery is maintained only by very care¬ 
ful charging. This is the reason for the three-state 
charger. When the battery is initially depleted, it is 
charged at a constant current of C/10 (at 1/10 the 
ampere-hour capacity, that's a 10-AH battery charged 


at a 1-amp current). When the battery voltage rises 
to nominal voltage (14.25 VDC), a controlled over¬ 
charge is initiated. Here the battery is charged at cons¬ 
tant voltage (15.00 VDC) until the charge current 
decreases to C/100 (100 mA for a 10-AH battery). 
Failure to apply a controlled overcharge will result in 
the battery's receiving only 80 percent of its previous 
charge at 14.00 VDC. These voltages are for opera¬ 
tion at +25 degrees C aud for gel-cels. Liquid elec¬ 
trolyte batteries require different (i.e., lower) voltages. 
Variations in temperature require compensation in vol¬ 
tage; if compensation is not made, the battery will be 
severely undercharged at low temperatures and over¬ 
charged at high temperatures. The UC3906 contains 
most of the circuitry, and a temperature-dependent 
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voltage reference to accomplish this. An external pass- 
transistor increases the current handling capability to 
1 amp. The relay/transistor circuit connects the bat¬ 
tery to the load upon ac failure and disconnects the 
load when the battery is depleted. 

Allowing the battery to remain connected to the 
load after it's depleted will destroy it. New Gel-Cel bat¬ 
teries can normally be expected to operate for six years 
when properly used; automotive-type batteries, which 
are designed for high surge currents, will normally 
have only about a three-year lifetime in a standby pow¬ 
er applications and require different voltages. Warn¬ 
ing: this circuitry is meant only for 12-voit 
lead-acid gel-cel batteries; its use is not recom¬ 
mended for any other type of batteries. Using Ni- 
Cad batteries with this charger could result in an 
explosion . 
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PRACTICALLY SPEAKING 


grounding, shielding, 
and isolating: part 1 

Most users of electronic equip¬ 
ment have to face problems of 
grounding, shielding, and isolating in 
order to prevent EMI (electromagnet¬ 
ic interference). Amateur Radio oper¬ 
ators have an especially difficult 
problem because their equipment 
often must operate on the same desk 
as their high power radio transmitters, 
EMI is also caused by local electrical 
disturbances such as arcs, lightning 
discharges, and electrical motors. 

The flip side of the EMI problem is 
prevention of interference to other 
equipment — such as televisions, 
radios, stereo systems, and other 
entertainment equipment — caused by 
Amateur transmitters. We must oper¬ 
ate our stations in a manner that won't 
interfere with properly designed, prop¬ 
erly operated equipment that's in good 
repair. Electronic equipment must 
do two things: respond to desired sig¬ 
nals and reject undesired signals. 
There's not much we can do if the 
equipment fails to do the latter; if it 
meets both tests, however, our efforts 
can help profoundly. 

In this installment, we'll discuss 
methods of preventing interference 
from outside and cross-interference 
between circuits or equipment in our 
own stations. 

preventing EMI 

Shielding and filtering of signal lines 
is the key to preventing EMI. Figure 
1 shows a "generic" electronic device 
with several of the possible EMI pro¬ 
tection methods used. This type of cir¬ 
cuit could be a microphone input 
preamplifier, a receiver accessory, or 
some other piece of equipment. First, 
note that the entire instrument is built 


inside a shielded metal box, and the 
box is grounded. Points of entry and 
exit incorporate feedthrough "EMI 
filter" capacitors (C FT ) (500 pF to 
0.002 ^F). Each stage is isolated from 
other stages by a resistor, and has its 
own decoupling capacitor (C5and C7). 
The main power bus is decoupled 
(C6), and has a series rf choke (RFC2) 
to filter rf that gets past C2 and pre¬ 
vents it from interfering with the oper¬ 
ation of the circuit. The input leads are 
similarly filtered with RFC1 and C4. 
The input resistance Rjn of the ampli¬ 
fier and the reactance of capacitor C4 
also form a low-pass filter with a fre¬ 
quency response that rolls off at a 6 
dB/octave rate from the -3 dB point 
defined by: 

= [Qj 

J{ J 6.28 • (C4) (R 1N ) 

where: f is the frequency in Hz, C4 is 
in pF, and Rjn is in ohms. 


One potential source of interference 
is noise and other EMI signals on pow¬ 
er lines. I can recall troubleshooting 
digital instrumentation and computers 
in a medical school building. We found 
that the ac power lines were the source 
of the problem. Where sensitive elec¬ 
tronic instruments are used, one might 
want to consider designing the electri¬ 
cal system to be either isolated from 
the building system or have separate 
neutral and ground conductors all the 
way back to the building's electrical 
service entrance ground. 

Figures 2 and 3 show methods for 
dealing with power line noise. In fig. 
2, we see an LC power line filter. 
Although the version shown here uses 
just one LC section, others are avail¬ 
able (at higher cost) with two or more 
sections. These devices are shielded 
low-pass filters, and are mounted in¬ 
side equipment as close as possible to 
the point where ac enters the cabinet. 
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fig. 2. LC EMI filter for ac power lines. 


% 



Power line isolation transformer (Courtesy 
Topaz Electronics. San Diego. CA). 


and pulses from passing into the 
equipment. Third, it provides a locally 
isolated ac power mains system that 
isn't ground referenced, making death 
or serious injury less likely in the event 
of accidental contact with the 110 or 
220 volt ac lines. AH workbenches 
should have isolated power . 

My opinion, which is shared by 
many others, is that no computerized 
or other digital equipment — or many 
types of analog and rf equipment — 
should be operated in a noisy power 
line environment without one of these 
transformers. This is especially true if 


Some filters are available molded into 
the ac chassis connector. 

Also in the circuit is a Metal Oxide 
Varistor (MOV) device used to sup¬ 
press ac line transients above about 
155 volts peak (some can reach 2000 
volts for 30 microseconds). Power line 
transients can have surprisingly sharp 
rise times, and thus are capable of 
producing interference across a wide 
portion of the spectrum. Because of 
this some designs have these MOV 
devices ahead of the filter in order to 
reduce the intensity of peaks that con¬ 
tain high frequency components. 

There is an issue regarding EMI 
filters that some people overlook: fus¬ 
ing. Ideally, the fuse should be as close 
as possible to the point where the ac 
line enters the cabinet. If the fuse is 
placed downstream from the filter, the 
equipment won't be protected if com¬ 
ponents of the EMI filter short to 
ground. If the ac power line is routed 
through the fuse holder before pass¬ 
ing through the EMI filter, on the other 
hand, there's enough prefiltered wir¬ 
ing to form an antenna and radiate into 
the other circuits. As a result, I prefer 
to build the fuse either into the EMI 
filter (or an extra shielded compart¬ 
ment that also houses the EMI filter) 
or into a fused ac plug at the wall 
outlet. 

The Topaz transformer shown in 
fig. 3 performs three functions. First, 
it isolates the equipment electrical sys¬ 
tem from the ac electrical system. 
Second, it frequency-limits the system 
to prevent high frequency transients 
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(continued from page 4) 

220 AT RISK-ACT NOW 

with radiolocation through 1990, when that 
use will be largely phased out). Not a bad 
tradeoff, to go from 5 MHz (shared with two 
other hungry services and thus a potential 
roosting place for every channel-seeking 
schemer who's come along in the last de¬ 
cade) to a 3-MHz band that's asfirmly ours 
as any Amateur band can be, and thus like¬ 
ly to stay that way for the foreseeable future! 

But this is not 10 years ago, and that 
"lightly occupied" 220-225 MHz band is in¬ 
deed fully occupied, particularly in most 
major urban areas. Even without Novice en¬ 
hancement, the proposed reallocation will 
cause severe disruption to important, estab¬ 
lished Amateur activities. With the addition 
of Novice operators to the already crowded 
— not "lightly loaded" — 220 MHz band, 
perhaps the pundits who thought this one up 
will then decide that it's really2 metersthat's 
"lightly loaded" and declare that 2 meters is 
the one to be shared with others! 

Can this proposal be stopped? Very pos¬ 
sibly not — but every effort must be made 
and made quickly . The deadline for com¬ 
ments on General Docket 87-14 is April 
6, though several petitionsto have thisdate 
extended are being filed. A minimum of one 
original and five copies of your comments 
are required; 11 copies are necessary if you 
wish each Commissioner to receive one. To 
be effective, cite occupancy facts and sup¬ 
port use projections. "You can't do this to 
us!" isn't a very valid argument in Wash¬ 
ington! 

The FCC does indeed giveth ... and may 
well taketh away, too! 

- Joe Schroeder, W9JUV 


short circuit 

W6SAI 

The inset table shown in fig. 1 of 
W6SAI's February, 1987, column 
("Ham Radio Techniques," page 45) 
should be corrected to read as follows: 
Tuned input network to match 420 
ohms (0 = 4) 


f(MHz) 

CJpF) 

Cj(pF) 


3.5 

605 

361 

6.30 

7.0 

302 

180 

3.15 

14.0 

151 

90 

1.57 

21.0 

100 

60 

1.05 

28.0 

75 

45 

0.79 


SHORT CIRCUIT HOTLINE 

Building a current hem radio project? Call the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time — before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See "Publisher s Log," April, 1984, page 6, for 
details.) 

-— 603 - 878-1441 - ' 



fig. 6. Single-point grounding on a print¬ 
ed circuit board. 


the operation of the equipment is 
critical. 

Although most Amateur equipment 
doesn't fall into this category, there are 
some cases where it might. For exam¬ 
ple, suppose you have a computer- 
controlled repeater transmitter. A 
power line transient could easily upset 
the program, causing it to "bomb" 
with the transmitter on . . . with no 
way for a control operator to turn it off 
without a personal visit to the site. 
While this problem is easily overcome 
by good design, I was told of one such 
situation in the Midwest, so I have to 
assume that others may also encoun¬ 
ter it. 

common-mode rejection 

Other electrical devices nearby, as 
well as the ubiquitous 60-Hz field from 
building wiring, can induce signals into 
audio and low-frequency amplifier in- 
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puts. It's wise to use differential 
amplifiers (where possible) for these 
applications because of their high 
common-mode rejection ratio (CMRRh 
Signals from desired sources are com 
nected as differential signals (VI and 
V2 in fig. 4) across the two inputs, 
while interference from the 60-Hz lines 
tends to be common mode because it 
affects both inputs equally. 

It's sometimes possible, however, to 
manufacture a differential signal from 
a common-mode signal. This can oc¬ 
cur in two ways; both involve the im¬ 
proper use of shields. One source of 
the problem is the ground loop, as 
shown in fig. 4. This problem arises 
from the use of too many grounds. In 
this example the shielded source, 
shielded input lines, the amplifier, and 
the power supply are all grounded to 
different points on the ground plane. 
Power supply dc currents flow from 
the power supply at point "D" to the 
amplifier power supply common at 
point "F," forming a voltage drop 
along the way. Similarly, other sources 


also cause ground plane voltage drops. 
Known as ground loop signals, these 
signals form valid input signals from 
the amplifier's "point of view," 

The cure for ground loop signals is 
shown in fig. 5. In this example we see 
that all of the ground connections 
within the equipment are routed to a 
single common grounding point. This 
effectively eliminates the ground loop 
voltage drops. Also, note that rather 
than allowing each line to have its own 
shield, a single shield around both lines 
is used. 

When you're designing a new sys¬ 
tem — and have the opportunity to de¬ 
sign the printed circuit boards — make 
sure that single-point grounding is 
used. Figure 6 shows a method for 
minimizing the noise problems in a cir¬ 
cuit board. Note that four different 
grounds are used: one each for the 
power supply, the digital signal, the 
analog signal, and rf. All four grounds 
are joined together at a single point on 
the card edge connector and then 
spread out to their respective circuits. 


common-mode signals 

Figure 7 shows the causes and 
cures for another form of signal error: 
common-mode signals manufacturing 
differential signals. The circuit in fig. 
7A uses standard single shielding, but 
the equivalent circuit shown in fig. 7B 
reveals the problem. The shield 
produces a capacitance to ground with 
the input wires (Cl and C2). In addi¬ 
tion, there are cable and source 
resistances in the circuit, represented 
in fig. 7B as R1 and R2. The system 
works wellifRI/XCI - R2/XC2, but 
even small imbalances in the RC net¬ 
works will allow common-mode volt¬ 
ages to manufacture a differential 
signal. In that case, it's found that 
does not equal Vc 2 so the amplifier 
sees what it accepts as a valid input 
signal. 

A "guard shield" (fig. 7C) circuit 
can be used to overcome this problem. 
The guard shield is driven by signals 
from the two input lines summed 
together through high-value resis¬ 
tances, Ra and Rg and, in many 



Tb transform your shack into a DX 
powerhouse, combine the intelligence 
ofYaesus FT767GX HF/VHF/UHF 
base station and the muscle of our 
powerful FL-7000 HF amplifier 

You’ll be amazed at how you can 
cut through pile-ups. Be heard any¬ 
where in the world. And wake up other 
wise inactive bands. 

The brains of the operation: The 
FT757GX.This intelligent HP/VHP/ 
UHF base station includes four micro¬ 
processors for unparalleled flexibility 
and ease of operation. 

Features include 160 to 10 meter 
transmit, including WARC bands. 
Optional plug in modules for fj-meter, 
2-meter and 70-cm operation. Receiver 
coverage from 100 kHz to 30 MHz. 

AM, FM, SSB, CW, AFSK modes built in. 
Tbn memories that store frequency, 
mode, and CTCSS information 
(optional CTCSS unit for controlled- 
aecess repeaters). Memory check 
feature for checking memory status 
without affecting operating frequency. 
Dual VFOs with one-touch split fre¬ 
quency capability, VFO tracking for 
slaved VFO-A/VFO-B operation at a 
constant offset. Digital display in 


10 Hz steps. Slow/fast main dial tun¬ 
ing. Synthesizer step programming 
at up to 99.99 kHz per step. Digital 
SWR meter Digital RF power meter. 
Built-in RF preamplifier. Adjustable 
drive level from 0 to 100 watts. Blue 
fluorescent display. Built-in AC 
power supply. 

Up to 30 minutes continuous 
transmit (100% duty cycle). Full CW 
break-in. Built-in CWelectronic keyer. 
Audio peak filter for CW (Yaesu 
patent), CW and AM wide/narrow 
filters. Woodpecker noise blanker 


RF clipping speech processor. IF shift 
for both receive and transmit (TX 
side allows you to adjust voice fre¬ 
quency response pattern). IF monitor. 
IF notch filter Audio low-pass filter. 

Built-in antenna tuner with mem¬ 
ory of settings on each band. Separate 
antenna connectors for each VHF or 
UHF optional unit. Separate beverage 
antenna receive input on rear panel, 
Quick turnaround time from TX to 
RX for AMTOR, Packet, and QSK CW. 
AGC slow/medium/fast/off selec¬ 
tion. Push-pull MRF422 transistors 










fig. 8. Method for connecting multi-conductor cable between equipment. 


cases, a unity gain common-mode am¬ 
plifier. The method has the effect of 
placing both sides of the cable 
capacitances at the same potential, so 
Vet " ^02 “ 0. The outer shield isn't 
strictly necessary, but is highly recom¬ 
mended in rf-rich environments. 


don't run signals 
through shields 

Another shielding scheme for con¬ 
necting two pieces of related equip¬ 
ment is shown in fig. 8. This situation 
involves two pieces of equipment 


(identified here as "A" and "B") that 
pass multiple connections back and 
forth, including signals and power. 
While traditionally not common in 
Amateur equipment, this arrangement 
is becoming more so with the increas¬ 
ing use of interfaces between com¬ 
puters and Amateur Radio equipment 
(as in packet radio). A common error 
made in constructing the multiconnec¬ 
tor cables is to pass signal or power 
common return paths through the 
shield itself. All such common paths 
should have their own separate wire in 
the cable bundle. Some internal con¬ 
ductors may be individually shielded. 
The shield is connected to the shield¬ 
ed backshells of each connector, but 
doesn't carry signals. It's sometimes 
permissible to ground the shield to the 
chassis through a pin in each connec¬ 
tor, provided that it too does not car¬ 
ry signals or power. 

Next month, we'll take a look at sta¬ 
tion grounding and other methods of 
preventing TVI that we might cause. 

ham radio 



} (rated dissipation 290 wattseach) 
operated at 24 volts for excellent inter- 
modulation rejection in transmitter. 

Enhanced C.A.T. system for exter- 
! nal control of transceiver from per- 

• sonal computer; (Software for Apple 
He/MAC, Commodore C-64, and 

j IBM-PC is available through yourYaesu 
; dealer.)There’s also data communica¬ 
tion with the PL-7000 linear amplifier 

• for hands-free amplifier operation. 

The muscle to get yon out: The 
FL-7000..This solid-state amplifier 
. covers 160 to 15 meters, and includes 


a built-in power supply, automatic 
tuner and lots of powerful operating 
features. ,J'.'V ’ 

There’s fast turnaround time for 
break-in (QSK) CW, HP packet radio, 
and AMTOR, Only 70 watts excitation 
for full output, and 1200 watts PEP 
input power. Fully protected push-pull 
parallel wideband “no-tune" ampli¬ 
fier circuit powered by 47^ 25A DC 
power supply. Yaesu’s exclusive "DVC” 
(Direct Vertical Cooling Heatsink 
System) with bottom-mounted fan. 
Automatic antenna matching sensor 


turns off amplifier and rematches 
tuner circuitry if SWR rises above 
2:1. Hands-free automatic band change 
when used with FT-767GX, FT-757GX 
or FT-980. Lithium battery backup 
remembers antenna selection and 
tuner settings. Dual 2-speed fans 
with independent thermal sensors. 
Connection to up to four antennas, 
including automatic selection via 
optional unit. Eight front panel LED 
status indicators. And more. 

Get the DX advantage. Just 
combine the FT-767GX’s brains, the 
FL-7000’s brawn, and your special 
operating knowledge. What an impact 
you’ll make on the world! 



Yaesu USA 

17210 Edwards Road, Cerritos, CA 90701 
(213)404-2700 

Repair Service: (213) 404-4884 
Parts: (213)404-4847 

Yaesu Cincinnati Service Center 

9070 Gold Park Drive, Hamilton, OH 45011 
(513) 874-3100 

Prices and specifications subject to change 
without notice. 
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TECHNIQUES - 


Xingiang Province: 
the last frontier 

At last! I'd stuck the final red pin in 
the map of the world. Covered with 
red pins, one for each DX country con¬ 
firmed, and hung proudly on the wall 
of the operating room, it instantly 
showed visitors my DX prowess. 

I had some good ones. Andaman 
Islands? Yes. Burma? Yes. Franz- 
Joseph Land? Yes. Tibet? Yes . Hours 
of DX operation had covered the map 
except for a gaping hole near the 
center of Asia. A no-man's~land of 
zero Amateur activity! I'd worked 
many stations around the perimeter of 
this mysterious "black hole," which 
measured about 600 miles in diameter. 

This blank zone encompassed what 
was once known as "Chinese Tur¬ 
kestan," with the city of Urumchi — 
now known as Urumqi — as the focal 
point of interest. Located in western 
China, nestled between India and the 
USSR, Xinjiang Province (as it's now 
known) has never, as far as I know, 
been on the ham bands. (There was 
a rumor, circa 1948, of a certain C5YY 
who was supposed to be active from 
Urumchi, but nothing ever came of 
this story.) 

Rumor has it that a new station will 
soon be on the air in the western sec¬ 
tion of the People's Republic of China 


using the call BYOAA. Perhaps this will 
be the station to represent the last 
frontier of DX — Xinjiang Province! 

intermediates and prefixes 

What seems simple now was rather 
complicated in the early days of radio. 
For example, you hear G6ZO working 
KH6BZF. You know it's a QSO be¬ 


Table 1. 

Post-World War 1 international 

Amateur call numbers. 

Number 

Country 

1 

Italy, Luxembourg 

2 

England 

3 

Poland 

4 

Germany, Belgium 

5 

England 

6 

England 

7 

Denmark 

8 

France 

9 

Switzerland 

0 

Netherlands 


tween England and Hawaii by the pre¬ 
fix letters of the calls. Easy. But return, 
in your mind's eye, to the early days. 
When Amateur Radio began back be¬ 
fore World War I, the infant hobby had 
no assigned call letters. Hams used 
their initials or an abbreviation of their 
town or city. SNJ was in Hartford and 
HU was in Honolulu. 

Just before the war, licensing was 


Table 2. Original Amateur international 
intermediates (reprinted from QST , 
March, 1923). 


A—Austruli* 

AU—Alaska* 

B—Belgium 
BE—Be rn nda 
BZ—Brazil 

C—Canada and Newfoundland 
CH—Chile 
CR—Co at a Rico 
D—Dtjinark 
E—Spain 
F—Franca 

PI—'French Indo-Chlnu* 

G—Great Britain 
GI—'Ireland* 

H—Helvetia (Switzerland) 

HU—'Hawaiian Island* 

I—-Italy 
IC—'Iceland* 

J—Japan 
K—Germany 
L—Luxembourg 
LA—-Norway* 

M—Mexico 
N—N ether lands 
O—-South Africa 
P—Portugal 
PE—Paleatine* 

Q—Caba 
B—'Argentina 

8—Scan dan avia (Denmark, Finland, Sweden) 
SR—Republic of Salvador 
U—United State* 

Y—U ruguay 
Z—New Zealand 

*Thete intermediates have been self’assigned 
and are unofficial. They are in more or lees 
general use. however. 


instituted in the United States and call 
areas were initiated. About the same 
time, this happened in other countries. 
After the end of World War I, when 
Amateurs returned to the air, the situ¬ 
ation was much clearer. In Europe, an 
agreement between countries as¬ 
signed numbers to various countries 
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Table 3. "New" international intermediates (reprinted from QST, January, 1927). 



QST 


January, 1927 


HEW INTERNATIONAL INTERMEDIATES, EFFECTIVE 0000 G.M.T., FEB. 1, 1927. 


EUROPE 

EA—Austria 

EB—Belgium 

EG—'Czechoslovakia 

ED—Denmark and Faroe Ids. 

EE—Spain and Andorra 

EF—France and Monaco 

EG—Great Britain and Northern Ireland 

EH—S witcerland 

El—Italy 

E J—J ugo-Slavia 

EK—Germany 

EL—Norway* Spitsbergen and Franz Josef Land 
EM—S weden 
EN—The Netherlands 
EO—Irish Free State 

EP—Portugal, Madeira Ids., and the Azores 
EQ—Bulgaria 
EH—Rumania 
ES—Suomi (Finland) 

ET—Poland. Esthonla, Latvia, Courland and 

Lithuania 

EU—U. S. S. R. (“Russia”), including Ukraine 
EV—Albania 
EW—Hungary 
EX—Luxemburg 
EY—Greece 

EZ—Zone of the Straits 

ASIA 

A A—Arabia 
AB—Afghanistan 

AC—China (including Treaty Ports), including 

Manchuria, Mongolia, and Tibet. 

AD—Aden 
AE—Slam 

AF—French Indo-China 

AG—Georgia, Armenia and Azerbaijan 

AH— Hcdjaft 

AI—India (and Baluchistan) and Goa 
AJ—Japan and Chosen (Korea) 

A K— (Unassigned) 

AL—(Unaasigned) 

AM—Federated Malay States (with Straits Settle¬ 
ments) 

AN—Nepal 

AO—Oman 

AP—Palestine 

AQ—Iraq (Mesopotamia) 

AR—Syria 

AS—Siberia, including “Central Asia” 

AT—Turkey 
AU—(Unassigned) 

AV—(Unassigned) 

AW—(Unaasigned) 

AX—(Unassigned) 

AY—Cyprus 
AZ—Persia 


NORTH AMERICA 

NA—Alaska 
NB—Bermuda Id. 

NC—Canada, Newfoundland and Labrador 
ND—Dominican Republic 
NE— (Unaasigned) 

NF—Bahama Ids. 

N G—Guatemala 
NH—Honduras 
NI—Iceland 
NJ—Jamaica 
NK—(Uoasslgned) 

NL—Leaser Antilles 

NM—Mexico 

NN—Nicaragua 

NO—British Honduras 

NP—Porto Rico and Virgin Ids. 

NQ—Cuba and Isle of Pines 
NR——Costa Rica 
NS—Salvador 
NT—Haiti 

NU—United States of America 
NV—-(Unaasigned) 

NW— (Unaasigned) 

NX—Greenland 


NY—Panama 
NZ—Canal Zone 


SOUTH AMERICA 

SA—Argentina 

SB—Brazil, Trinidad Id., and St. Paul Id. 

SC—Chile 
SD—Dutch Guiana 

SE—Ecuador and Galapagos Archipelago 
SF—French Guiana 
SG—Paraguay 
SH—British Guiana 
SI—(Unassigned) 

SJ—(Unassigned) 

SK—Falkland Ids. and Falkland Dependencies 
SL—Colombia 
SM—(Unassigned) 

SN—Ascension Id. 

SO—Bolivia 

SP—Peru 

SQ—(Unassigned) 

SR— (Unassigned ) 

SS—(Unassigned) 

ST—(Unassigned) 

SU—Uruguay 

SV—Venezuela and Trinidad 
SW—(Unassigned) 

SX— (Unassigned) 

SY—(Unassigned) 

SZ— (Unassigned) 

AFRICA 

FA—Abyssinia 

FB—Madagascar, Reunion Id.. Comoro Id., etc. 

FC—Belgian Congo, Ruanda, Urundi 
FD—Angola and Kabinda 
FE—Egypt 

FF—French West Africa, including Frehch Sudan, 
Mauritania, Senegal. French Guinea, Ivory 
Coast, Upper Volta, Dahomey, Civil Ter. of the 
Niger, French Togoland, etc. 

FG—Gambia 

FH—Italian Somaliland _ 

FI—Italian Libya (Trlpolitania and Cyrenaica) 

FJ—Somaliland Protectorate and Socotra 
FK—Kenya, Zanzibar Protectorate, Uganda, Anglo- 
Egyptian Sudan, and Tanganyika Territory. 

FL—Liberia 

FM—Tunisia, Algeria, Morocco (including the Spanish 
Zone), Tangier 
FN—Nigeria 

FO—Union of South Africa, Northern and Southern 
Rhodesia, Bechuanaland Protectorate, and 
Southwest Africa 

FP—Portuguese Guinea and Cape Verde Ida. 

FQ—French Equatorial Africa and Cameroon* 

FR—Rio de Ora and adjacent Spanish Zones, Ifni, 
and Canary Ids. 

FS—Sierra Leone 
FT—Eritrea 

FU—Rio Muni (Spanish Guinea) and Fernando Po 
FV—French Somaliland 

FW—Cold Coast Colony, Ashanti, Northern Terri¬ 
tories and British Togoland 
FX—Seychelle Dependencies 
FY—(Unassigned) 

FZ—Mozamb iq ue 


OCEANIA 

OA—Australia (and Tasmania) 

OD—Dutch East Indies* 

OE—Melanesia* 

OH—Hawaiian Ids. 

OI—Micronesia* 

00—Polynesia* 

OP—Philippine Ids. 

OZ—New Zealand 

• To be further partitioned when activity warrants. 

SHIP STATIONS 

Ship stations with amateur calls will place an X be¬ 
fore their usual intermediate. E. g., Australian SAA 
at sea, calling U. S. 1AW, would send “1AW NUXOA 
3AA“ The reply would be “SAA XOANU 1AW”. 
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(see table 1.) By 1923, this system had 
been replaced by letters, and calls 
began to resemble those with which 
we're familiar today. An interesting 
identification scheme was adopted; 
these new "intermediates," as they 
were called, are listed in table 2. 

Viewed from today's perspective, 
the use of the intermediate, written as 
a lower case letter, seems strange. 
English 6Z0 would have had an inter¬ 
mediate call of g6Z0. But the inter¬ 
mediate wasn't sent with the call, but 
instead was combined with the inter¬ 
mediate of the station being called. For 
example, assume English 2SZ was call¬ 
ing New Zealand 4AA. The call se¬ 
quence would have gone like this: 4AA 
4AA 4AA zg 2SZ 2SZ 2SZ. When 4AA 
replied to 2SZ, the sequence was: 2SZ 
2SZ gz 4AA 4AA. 

This didn't lead to rapid, simple 
exchanges of QSOs, but it was a step 
in the right direction. 

By 1927 the International Amateur 
Radio Union started a serious program 
to straighten out the international iden¬ 
tification of Amateur calls. A new list 
was formed (table 3). The first letter 
of the prefix denoted the continent and 
the second the country. The cumber¬ 
some intermediate scheme still was 
used, but some hams were signing 
their call and intermediate together and 
using the French word "de" (from) be¬ 
tween the call of the sending station 
and the station being called, much as 
is done today. 

The United States intermediate "U" 
was replaced with "NU." Shortly 
thereafter, the Government started is¬ 
suing full calls with the prefix letter 
"W" denoting the United States, as 
determined by the International Tele¬ 
communications Union. The old inter¬ 
mediate system faded into oblivion: 
government assigned prefixes were in 
use, and the intermediate "de" was 
accepted by Amateurs worldwide. 

It wasn't an easy task to arrive at in¬ 
ternationally accepted call letters. As 
I said, what seems so simple now was 
very complex in the early days. 

Some old timers have lived through 
all the call letter changes. The famous 
call AC4YN was in use until the post¬ 


X/2 AT 7¥Hl 



fig. 1. 40-meter dipole showing voltage distribution for fundamental and third harmonic 
waves |F -F = Feedpoint). 



war period when China took over con¬ 
trol of Tibet. The old prefix "FB," for 
Madagascar, was in use until that 
country achieved independence from 
France. 

So the next time you hear an un¬ 
usual prefix on the band, you can 
appreciate the years of trial-and-error 
effort that went into establishing a 
workable call sign system. 

wire multiband antennas 

It's well known among Amateurs 
that a center-fed dipole antenna will 
work (almost) on its third harmonic. 
Some hams have had good success 
using a 7-MHz dipole on the 21-MHz 
ham band. Unfortunately, because of 
end effects, the dipole isn't exactly res¬ 
onant at the third harmonic, but at 
some frequency slightly above it. Thus 
a dipole cut for 7.1 MHz will be reso¬ 
nant at a frequency higher than the 21 


MHz band. For resonance on the third 
harmonic, the wire should be 68.46, 
not 66 feet long (fig. 1). The general 
formula for a harmonic antenna is: 


Length (feet) = 


492 (N - 0.05) 
f (MHz) 


where N is the number of half waves 
in the antenna. 

This formula holds true when the 
antenna is a straight wire. But what 
happens when the wire is bent back 
upon itself? Or, what happens when 
the wire is artificially loaded for har¬ 
monic resonance? 


harmonic "loading" 

Let's take the case of the 7-MHz di¬ 
pole (fig. 2). As is, its fundamental res¬ 
onance is 7.1 MHz. Its third harmonic 
resonance is 21.95 MHz. The problem 
is to load the antenna to a lower fre¬ 
quency in the 21-MHz region without 
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STUB = 


ZOO 


f (MHz) 


fig. 3. Two-band antenna for 18.1 and 28.S MHz. Antenna is fed with 1:1 balun and 
coax at F- F. 



disturbing its resonance in the 
40-meter band. This can be done by 
attaching "butterfly loops" at the high 
voltage points in the antenna cor¬ 
responding to 21 MHz operation. The 
loops will have little, if any, effect on 
7-MHz operation. The size of the loops 
must be determined experimentally, 
and they should be equal in size. The 
loop need not be round — almost any 
shape seems to work, and resonance 
is adjusted by changing the shape and 
size of the loop. I made my loops out 
of No. 12 enamel wire, with a diameter 
of about 1 foot. The loops were 
attached to the flat-top temporarily by 
means of small copper battery clips. 
After loop placement was adjusted for 
resonance at 21.2 MHz, the loops were 
soldered permanently to the antenna 
wire. I varied the loop diameter sever¬ 
al times before I finally hit resonance 
(as determined by an SV , r R meter) at 


my chosen frequency in the 15-meter 
band. 

Another situation where this idea 
would work is the case of a 10-MHz 
dipole, whose third harmonic reso¬ 
nance is well above 30 MHz. It should 
be possible to place loading loops at 
the 10-meter high voltage points in the 
flat-top to bring antenna resonance 
within the IO meter band. Someday 
I'm going to try this interesting an¬ 
tenna. If you hear me, you'll know the 
scheme works! 

another two-band antenna 

I have an experimental license 
(KM2XDW) for conducting tests on 
18 MHz. Although most of the time 
I've used a dipole antenna, I've re¬ 
cently experimented with half-waves in 
phase, as shown in fig. 3. The old 
reliable "two half-waves in phase" de¬ 
sign has been used for many years; un¬ 


fortunately such an antenna cut for 18 
MHz just wouldn't fit into the restrict¬ 
ed space in my backyard. The solution 
was to make the flat-top shorter and 
increase the length of the folded cen¬ 
ter section. This section acts some¬ 
what in the manner of a matching 
transformer, allowing the antenna to 
be fed with a 1 -to-1 balun and a coax 
line. 

The antenna, cut to fit the space, 
and its dimensions are shown in the 
drawing. Interestingly, it was found 
that the antenna also exhibited reso¬ 
nance in the 10-meter band! By luck, 
the total wire length in the antenna 
was just about 1-1/2 wavelengths on 
10 meters. The VSWR curves for 18 
and 28 MHz are given in fig. 4. Using 
the formulas given in fig. 3, the an¬ 
tenna may be cut for any two frequen¬ 
cies that have the ratio of 1.57 to 1. 
Thus, an antenna cut for 14 MHz will 
also present a second resonance at 14 
x 1.57 = 21.98 MHz. That's a little too 
high in frequency to be of practical 
use, but by adding butterfly loops at 
the high voltage points on the wire for 
the harmonic frequency, that reso¬ 
nance can be lowered to the 21-MHz 
band with little, if any, effect on 
14-MHz operation, 

general case 

These antenna examples show that 
by changing the shape of a long wire, 
and by adding capacitance at the high 
voltage points at a harmonic fre¬ 
quency, the higher resonance point 
may be moved about. The idea that 
resonances in a long wire fall only at 
approximate multiples of the fun¬ 
damental frequency applies only when 
the wire lies in a straight line. In addi¬ 
tion, the harmonic resonant frequency 
determined by the configuration of the 
wire can be further manipulated by 
proper application of capacitance 
loops. If you want a simple multiband 
antenna, center-fed with a coax line, 
you can run your own experiments 
along the lines of those shown here. 
Armed with an SWR meter and a 
notebook for keeping records of your 
experiments, the sky's the limit! 

ham radio 
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a three-tube 

4CX250B linear amplifier 


Who says 
nobody builds 
any more? 

I had considered building a 2-meter linear amplifier 
using three 4CX2508 tubes for some time. Initial calcu¬ 
lations indicated that I could achieve good performance 
if I could simply translate a design on paper into an actual 
working unit. 

To simplify the design effort I wrote a computer pro¬ 
gram that would perform precise calculations and simu¬ 
lations of plate and grid line operation for various oper¬ 
ating conditions such as different plate voltages and 
currents, tight or loose coupling with the antenna, or 
reactive antenna impedances. Doing this yielded opti¬ 
mum Qs and efficient line values. 

Many hams and clubs in Yugoslavia were interested 
in the design. Sketches were copied and distributed, and 
amplifiers built and tried. The initial design worked as 
planned. Modifications have since been incorporated; 
this article decribes the best and final design. Several 
other published designs were checked against the com¬ 
puter program and found not to be optimum. 

three tubes in parallel 

This amplifier uses three tubes in parallel in which the 
screen is at both DC and RF ground potential. Many 
hams who have tried to build around the4CX250B have 
given up because of the unavailability or cost of the sock¬ 
ets. Grounded screen operation offers a viable yet in¬ 
expensive alternative, provides stable operation, and 
requires no sockets. 

Though the mechanical layout may seem primitive to 
the sophisticated VHF builder, it's really simple and ef¬ 
ficient. Tube replacement is somewhat more difficult 
than with sockets, but it can be done quickly once you 
get used to it. 


I voltages 

A schematic of the completed amplifier is shown in 

fig. 1. 

The cathode is at -350 volts and the grid at -400 
volts with respect to the screen {remember, it's grou nd- 
ed). To simplify the power supply design, voltage¬ 
dropping resistors (68k, 100W] and zener diodes are 
used. Additional protection is provided by slow-blow 
fuses. The plate voltage should not exceed 2.5 kilovolts 
unloaded and no less than 2.1 kilovolts loaded. 

It's useful to include as many meters as possible — but 
if you choose not to, make sure that at least the plate and 
screen current are independently monitored. 

Considering the relatively high voltage on the cath¬ 
ode, the filament transformer secondary should be well 
insulated from ground. One of the secondary leads is 
soldered directly to the tube pins and the other via a 
necessary RF choke. 

RF section 

The plate line is a quarter-wave section of stripline that 
is directly grounded at one end and connected to the 
tubes via a plate blocking capacitor, C Q (see fig. 2 for de¬ 
tails) . The quality, values, and placement of these capac¬ 
itors are critical and should be carefully considered. The 
following conditions must be satisfied: 

• high capacitance value resulting in less than one ohm 
of capacitive reactance 
• high Q 

• placement close to the tubes 
The blocking capacitors used in this design consist of 
two metal plates with a teflon (PTFE) dielectric. The low¬ 
er plate is grounded (plate strip L a ) while the other is con¬ 
nected to the tube plates. I used teflon foil which 
measured between 0.3 and 0.5 mm in thickness and was 
perfectly smooth, with neither cracks nor slots. The up¬ 
per metal sheet is extended up to the grounded side of 
the plate line, thereby increasing capacitance and aid- 

By Dragoslav Dobricic, YU1AW, St. Supljikca 
105/8. 26000 Pancevo, Yugoslavia. 
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ing in rf/dc isolation. An enlarged view is shown in fig. 
3. Plate voltage is supplied through an RF choke to the 
location of lowest RF potential (almost zero). This im¬ 
proves amplifier stability while maintaining good RF/DC 
isolation. 

Capacitor C5 (a section of single-sided glass-fiber PC 
board) is glued to the plate compartment wall and acts 
as a feedthrough capacitor. High voltage is introduced 
by means of a BNC connector. No additional steps are 
necessary to prevent feedback of the R F signal into the 
power supply. 

As shown in fig. 4 and photo A, there's an "ear" on 
both sides of the resonator, i.e., C4and C5 stator plates. 
Rotor plates are soldered to the central pin of a female 
N connector (for C4) and grounded (for C5). Plate sepa¬ 
ration — and consequently capacitance — can be 
changed mechanically by adjusting a length of fishing 
line wrapped around a shaft made of brass or some in¬ 
sulated material. 

The grid line is a half-wave 70-ohm impedance strip¬ 
line used instead of the quarter-wave line because input 
capacitances are rather high (see fig. Band photo B). 


An air-variable capacitor, C2, at the end of the line pro¬ 
vides the resonant tuning control. Drive power is applied 
through Cl and bias is fed via a 68-ohm resistor at the 
point of minimum RF voltage. Using a resistor instead 
of a choke reduces the amplifier's tendency to oscillate. 
A resistor should always be used when high gain tet¬ 
rodes are employed. 

Grid connections are all soldered to the input strip 
through three small holes. Cl is connected to the input 
BNC connector with a length of coaxial cable with its 
plastic jacket removed (see fig. 6). 

Cathode pinsonthe4CX250Bsare2,4,6, and 8. They 
should be connected together with a piece of copper 
strip the same width as the pin length. All number3 pins 
should also be connected together and soldered to the 
cathodes. This places all cathodes and one side of all fila¬ 
ments at the same potential. Pin 1 is connected to the 
screen ring and can be used as a ground contact. Capaci¬ 
tor C|< should be connected between pins 1 and 2 using 
the shortest possible leads. Capacitor Cf should be con¬ 
nected between the remaining filament contact (pin 7) 
and pin 6 or 8. Pin 5 should not be used at all. 
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construction 

Dimensions and details for the fabrication of the upper 
and lower plate, teflon spacer, grid line, and capacitors 
C3 and C4 are shown in fig. 7. 

The amplifier cabinet is made from aluminum and has 
separate grid and plate compartments (photo C). Ven¬ 
tilation holes in the plate between the two compartments 


permit air flow; air enters the grid compartment, is 
brought up to cool the plates and then exhausted 
through homemade teflon chimneys. 

Though the air flow path is rather long, there is a 
negligible drop in air pressure along the way compared 
to that experienced at the plate's cooling fins. The 
4CX250B tubes require a good-sized squirrel cage blow¬ 
er to overcome this pressure drop (photo D). In addi- 



fig. 2. Method of grounding bottom plate fine is shown on the right. 



CHIMNE Y 
MADE FROM 
TEFLON SHEET 


~ " uiuuumR 


COPPER STRIP'' 
SOLDEREO TO PINS 


BRASS RING 


1 upper plate 

r A'/y 7 //. V///y7J// / St 

k WZZZZZZZZZ2. 

\ Slower plate 

TEFLON SHEET 


BRASS SHEET. Itnm THICK 


-ALUMINUM 


BRASS SCREW 


■ SOLDER CONNECTION 


fig. 3. Clamping effect of brass sheets secures tubes. The hole pattern for the three tubes is shown in the inset. (Metric 
dimensions are provided; see page 72 for metric-English measurement conversion table.) 
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fig. 4. Side view illustrates C3 and C4 rotor/stator construction and attachment. 
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DETAIL "A" 


tion, good sealing between the aluminum plates is 
needed to prevent leaks and subsequent loss in air pres- 
sure. Holes between compartments should be round 
rather than slotted because elongated holes could be¬ 
come slot antennas, causing oscillation as a result of 
plate/grid coupling. 

The plate line resonator (lower plate) is joined to the 
shield with brass screws. Good bonding is essential be¬ 
cause of high currents at this location, so be sure to use 
as many screws as specified. The upper and lower parts 
of the plate line are held in place with slotted teflon blocks 
that fit it securely to the resonator. 

The tubes are mounted in the pre-drilled holes in the 
shield with the diameter chosen according to the screen 
ring dimensions. The screen ring is slightly larger than 
the ceramic body and good RFand DC contact is made. 
Each tube is secured at four locations and a single piece 
of brass is used to clamp adjacent tu bes. To remove the 



Photo A. Capacitance variation is achieved by mechanically 
adjusting length of fishing line. 


tubes, reverse the procedure by loosening the clamps 
and rotating them 90 degrees. Do not apply too much 
pressure on the tubes because the screen ring could be 
damaged. 

Plate chimneys are fabricated from thin teflon sheet 
rolled and clamped to fit the plate radiatordiameter (see 
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Photo B. Bottom view of grid compartment illustrates major 
component placement. Tube sockets are on the left. 


photo E). An even less expensive solution would be 
to use paper heavy enough to withstand the expected 
temperatures. The plates can be connected to the plate 
resonator using finger stock or other material. The most 
important requirement is that good electrical contact is 
made. 

adjustments 

Switch on the amplifier in the following sequence. 
Turn on the filament voltage, bias voltage, and blower. 



Photo C. Front view of 2-meter linear shows essentials are 
all there: input, tuning, and exhaust. 

After a 1-minutewarm-up, apply screen and plate volt¬ 
age. If hash is heard in the receiver with the amplifier in 
standby mode (all voltages on), increase the bias volt¬ 
age to -90 volts or more (negative). The bias voltage 
is normally adjusted for an idling plate current of 50 mA 
per tube. 

Carefully increase the drive power while adjusting Cl 
and C2 for a plate current peak. Adjust C3 for a screen 
grid current peak, then repeat the first two steps with in¬ 
creased drive power. Adjust C4 for a final screen grid cur¬ 
rent of 8 mA per tube. 
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The final adjustments can be done by keying the am- out exceeding maximum power dissipation levels. All 

plifier with a series of dots (using an electronic keyer). metersshouldindicateapproximately35percentof max- 

This allows maximum drive voltages to be applied with- imum value. Negative screen grid current meansthatthe 
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Photo D. Rear view of amplifier reveals same basic simplici¬ 
ty and effectiveness of construction. 



Photo E. "Before" and "after" views of chimney placement 
for the 4CX250Bs. 


drive power is too low and/or that the amplifier is too 
tightly coupled to the antenna. 

single-tube SSB and CW ratings 

At the ratings shown below, fm, a-m, RTTY, and 
SSTV operation are not recommended. 

Vgl = — 65 volts 

V g 2 = 350 volts 

V p = 2.4 kV 

l g 1 = 15 rnA (max) 


Ig2 

= 8mA (max) 

l P 

= 50mA (idle) 

Ip 

= 400mA (max) 

Pout 

= 650 watts (max) 

Pin 

= 960 watts (max) 

Pdiss 

= 300 watts (max! 

R l 

= 3.1 kilohms 


Efficiency = 68 percent 

If all three tubes are closely matched, expect a tripling 
of output power and all currents. Equal power sharing 
(output) can be verified by measuring the temperature 
of air leaving the chimneys. If there appears to be an im¬ 
balance, increase idling current; the inequalities should 
become even more obvious. 

determining component values 

Computer simulation determined that the values of 
the following capacitors at resonance should be as 
follows: 

Cl = 35 pF C3 = 3 pF 
C2 = 10 pF C4 = 5 pF 

Low losses, broad bandwidth, small temperature 
detuning, low RF voltages on the tube (resulting in 
longer life and little possibility of flashovers), and broad 
plate tuning make this a practical design. Note that all 
calculations were based on Eimac tube data and differ¬ 
ences may occur if other manufacturers' tubes are em¬ 
ployed. 

Another usefu I featu re of this amplifier is its low driv¬ 
ing power requirement. Low cathode stray lead induc¬ 
tances help to reduce the drive requirements. It's pos¬ 
sible to achieve between 1 and 2 dB of additional gain 
if a special effort is made to resonate (series) the value 
of C|< with the stray cathode lead inductances. It actu¬ 
ally becomes necessary if you are drive-power limited, 

additional hints 

• Use as ma ny screws as possible to join the cabinet to¬ 
gether in order to reduce rf leakage. 

• Use a type N — not an S0239 — for the output con¬ 
nector. 

• Plate voltage may be supplied through a B NC connec¬ 
tor and RG-58. 

• Any departures from the dimensions called out on the 
drawings could result in degraded amplifier per¬ 
formance. 

• The plate line should be cut from brass or copper sheet 
1 mm thick and should be silver-plated, if possible. 

• Both of the ZX180 zener diodes (180 volts, 12 watts) 
are mounted on heat dissipation devices. 

• Other combinations of zener diodes or tube voltage 
regulators may be used to provide a regulated + 360 
volts. 

• Resistor R3 (2.2 k) acts like a fuse, delivering bias if the 
"slowblow" 0,1 A fuse is blown. 
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WHAT’S REALLY 


HAPPENING 
IN HOME 
SATELLITE 

Ik **♦ *» TV? 


THE HOME 
SATELLITE 
TELEVISION 
MAGAZINE, 

A monthly of 100-plus pages—has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in¬ 
dustry insights! With your subscription to STV * you will 
receive a FREE LCD Calendar/Clock. 

• Only $19.95 per year (12 monthly issues) 

• $1.00 for sample copy 


•^"4jjr ' : i Hi 


IF YOU HAVE 
A SATELLITE 
SYSTEM, THEN 
YOU REALLY 


, / 


~ S&:\S'IW- A 
A 


(I 
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The best in satellite programming! Featuring: ★All 
Scheduled Channels ★Weekly Updated Listings 
★Magazine Format ★Complete Movie Listing ★All 
Sports Specials ★Prime Time Highlights ★Specials 
Listing and ★Programming Updates! 

• Only $45.00 per year (52 weekly -issues) 

• 2 Years $79.00 (104 weekly issues) 

• $1.00 for sample copy 


Visa* and MasterCard* accepted (subscrip¬ 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 

STV®/OnSat® 

P.O. Box 2384—Dept. HR • Shelby, NC 28151-2384 

SUBSCRIPTION CALLS ONLY 
TOLL FREE 1-800-438-2020 
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Conversion table for dimensions mentioned in art for this 
project. 

millimeters 

inches 

0.3 

.012 

0.5 

.019 

1.0 

.039 

1.5 

.059 

2.0 

.079 

5 

.197 

10 

.394 

15 

.591 

28 

1.102 

30 

1.181 

40 

1.575 

41 

1.614 

45 

1.772 

50 

1.969 

60 

2.362 

70 

2.756 

105 

4.134 

155 

6.102 

160 

6.299 

180 

7.087 

215 

8.465 

235 

9.252 

245 

9.646 
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LOW BAND DX-ING 
COMPUTER PROGRAMS 

by John Devoldere, ON4UN 
for Apple lle/c, MS-DOS, 

Commodore C-128 Apple Macintosh 
and Kaypro CPM Computers 

Here’s a collection of 30 super programs written 
by ON4UN. Just about every interest or need is 
covered—from antenna design and optimization 
to general operating programs. Antenna pro¬ 
grams include: shunt and series input L network 
design, feedline transformer, shunt network 
design, SWR calculation, plus 11 morel General 
Ham programs include: sunrise/sunset, great 
circle distances, grayline, vertical antenna de¬ 
sign program, sunrise calendar plus 9 more! 
Phew. When you sit down to use these programs 
you’ll be amazed at what you have. Super value 
at a super low price. The best value in computer 
software available today. © 1986. 

□ UN-Apple lle/c $19.95 

□ UN-MS (MS-DOS) $19.95 

□ UN-CPM/Kaypro $19.95 

□ UN-C-128 (COMMODORE) $19.95 

□ UN-MAC (MACINTOSH) $24.95 

^TsT Please enclose $3.50 for MK 
shipping and handling 

rafcT/O BOOKSTORE 


Greenville, NH 03048 
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33 cm. update 

One year ago this column was de¬ 
voted to our newest UHF band, 33 cm 
(902-928 MHz). 1 Since that time, much 
has happened on this band, which is 
now just over 18 months old. Activity 
is growing fast, but more activity could 
really help popularize the band. 

Last year's column was intended to 
be an "entry level" article. In this 
month's column. I'll present further in¬ 
formation that will upgrade some of 
the circuits and the antenna described 
in the earlier article. I'll also discuss 
some commercial gear that has recent¬ 
ly become available. With luck, the 
new information will encourage in¬ 
creased activity by helping others to 
become active on one of our newest 
and most exciting UHF bands. 

latest activity 

Weak-signal operation on 33 cm has 
been reported in the W1, W2, W3, 
W4, W7, W9, WO, VE2, and VE3 call 
areas. (Did I miss anyone?) Most of the 
activity is reportedly on the calling fre¬ 
quency of 903.1 MHz, as recom¬ 
mended in last year's column. There 
are also several fm repeaters active in 
the upper portion of the band, two of 
which are in the W1 call area. A 
California and a Massachusetts ATV 
repeater have also been reported as ac¬ 
tive, so the band is obviously being 
used for purposes other than weak- 
signal operation. 

As a sign of acceptance of 33-cm 
contacts, the ARRL now counts 33-cm 
contacts separately for new multipliers 
and points in VHF/UHF contests. 33 
cm also has its own VUCC (VHF/UHF 
Century Club) award for those who've 
worked at least 25 grid squares on this 


band. Furthermore, the ARRL has an¬ 
nounced that the Spring Sprint con¬ 
tests this year will include a separate 
33-cm contest night. The tentative 
date is Friday, May 8, 1987 (7 to 11 
PM, local time). 

Several stations have also been ac¬ 
tive on portable expeditions. They've 
done quite well using low power (10 
watts) and single 12-foot loop Yagi an¬ 
tennas. I've been successful in work¬ 
ing only a few grids that way, so my 
total number of grids worked so far is 
a puny ten. However, while writing 
this month's column I heard that at 
least one ham has sent out several ac¬ 
tive "rovers" and worked the neces¬ 
sary 25 grids to claim the first 33-cm 
VUCC award. 

propagation 

Although initially some of us weren't 
sure what kind of propagation we'd 
experience on 33 cm, we expected it 
to be a blend of 70 (432 MHz) and 23 
cm (1296 MHz). I think most of us now 
active on the 33-cm band feel that the 
typical propagation is more like 70 cm 
for casual contacts. Stations using 10 
watts and a single 12-foot boom loop 
Yagi can easily cover a 100-mile range 
on SSB, with signal strengths as 
strong or stronger than can be antici¬ 
pated on 70 cm. 

Extended tropospheric propagation 
hasn't been well used because of the 
poor distribution of equipment availa¬ 
ble for 33 cm during the few openings 
this past year. The aurora, though ab¬ 
sent in recent months, should return 
within the next year or two as solar 
cycle 22 begins. This will afford the 
best opportunity for auroral QSOs 
above 450 MHz, presently the highest 
frequency at which two-way Amateur 


QSOs have been reported in this 
mode. 

Aircraft scatter propagation on 33 
cm seems to be as good or better than 
on 70 cm and more like the conditions 
experienced on 23 cm. 2 3 Several sta¬ 
tions have reported QSOs showing all 
the signs of aircraft scatter — a sud¬ 
den appearance of a signal, reasona¬ 
ble signal strength, some flutter, then 
a gradual decrease in signal strength. 
Aircraft scatter is possible to about 500 
miles, but 200 to 350 miles is near 
optimum. 

While I haven't received any reports 
of activity, this band is a natural for 
33-cm EME, since small-diameter (12 
foot) dish antennas should be suffi¬ 
cient for such communications. The 
lack of EME operation on 33 cm is 
probably attributable to the fact that 
few, if any, Amateurs are using high 
power (greater than 150 watts) ampli¬ 
fiers on the band. I'm sure this QRP 
situation won't last very long! 

As you know, I like to keep track of 
DX records on the frequencies above 
50 MHz. At the present time the best 
DX reported on 33 cm is a mere 377 
miles (606 km). 4 Let me know if you 
break this record. Once again, I believe 
this record will be broken before this 
column is in print. What a great chal¬ 
lenge we have on a new band! 

33-cm antennas 

As pointed out in last year's column, 
33 cm is a transitional band for anten¬ 
na design. Consequently, the loop 
Yagi is the most popular antenna type; 
it's easy to construct and has proved 
fairly successful. 

Reference 1 included a description 
of a 33-element loop Yagi design on a 
12-foot boom. This particular design is 
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fig. 1. A recommended boom sup¬ 
porting scheme for a long boom loop 
Yagi antenna per reference 5. 


probably not fully optimized, since it 
couldn't be scaled from any of the 
original designs shown in reference 5. 
However, it does have moderate gain 
(greater than 18 dBi) and a reasonably 
clean radiation pattern, as evidenced 
by the fact that most of the active 
33-cm stations are using this or a simi¬ 
lar design. Down East Microwave* 
sells a 33-element, 33-cm loop Vagi, 
but I don't know whether it's this or 
another design. 

After a bit of head scratching on the 
subject of a simple approach for a 
higher gain antenna design, and a 
needle from Sam, W2PGC, I decided 
to build a 45-element loop Yagi scaled 
from the original 45-element, 23-cm 
optimized design described in refer¬ 
ence 5. This would require a boom 
length of 17 feet, 2 inches. 

After more thought about available 
materials and tubing sizes, I decided to 
use a 17-foot, 6-inch boom. The first 
part of the boom is the same length as 
the original design (12 feet) with the 
same diameter tubing (1 inch). A 
6-foot length of 7/8-inch tubing is then 
inserted 6 inches into the director end 
of the boom for an overall length of 17 
feet, 6 inches. 

With this longer boom length and 
smaller diameter tubing on the front 
end, the overall strength of the boom 
will be decreased. A larger diameter 
boom could be used, but that would 
be more expensive and increase wind 
load, which is already high on a loop 
Yagi design. Therefore, I recommend 
a boom supporting structure similar 
to the one described in reference 5. 
A simplified sketch of it is shown in 
fig. 1. 

Since there was a little extra boom 
available with a 5-foot, 6-inch exten¬ 
sion, I added another director, making 
the new design one of 46, rather than 
45, elements. The final design is 
shown in fig. 2; the driven element 
details are shown in fig. 3. This longer 
boom design uses the same element 
materials as the older 33-element 
design, with a slightly different ele¬ 
ment length taper schedule. 

The gain of the 46-element loop 
Yagi should be about 20.5 dBi, a big 


improvement over the 33-element de¬ 
sign. The beamwidth is approximate¬ 
ly 15 and 16 degrees in the E and H 
planes, respectively. Therefore, the 
recommended stacking distances per 
references 5 and 6 are 37 and 35 inches 
in the E and H planes, respectively. 

Finally, the original 33-element loop 
Yagi described in reference 1 was 
designed for 902 MHz. As a purist, I 
thought that the new longer boom 
model should be moved slightly higher 
in frequency. Hence the spacings and 
element lengths on the 46-element 
loop Yagi differ slightly from those on 
the original 33-element design. 

If anyone wants to extend the origi¬ 
nal 33-element design, I don't think it 
will matter much if the old spacing is 
maintained. All that will be necessary 
is to add the extra boom section and 
directors, placing them each 5.115 
inches further out from the preceding 
director. Don't forget to always refer¬ 
ence element spacings from reflector 
No. 2 in order to keep any tolerance 
buildup to a minimum. Also note that 
some of the director lengths of the 
original design should be changed as 
shown in fig, 2 if optimum per¬ 
formance is expected. 

Several Amateurs are developing 
experimental long boom (12 feet or 
longer) Yagi designs, but they'll need 
to wrestle with the problems of boom 
corrections and impedance matching 
— a formidable problem on the UHF 
bands. I'll let you know how success¬ 
ful I am with mine! 

Tonna Antennes (F9FT) has devel¬ 
oped a short (8 foot, 4 inch) boom, 
23-element Yagi. Marketed by The 
"PX" Shop,** it has a specified gain of 
18.2 dBi with a 21- by 22-degree E and 
H plane beamwidth, respectively. Ton¬ 
na Antennes circumvented the prob¬ 
lem of boom corrections by mounting 
the elements above the boom on spe¬ 
cially designed standoff insulators simi¬ 
lar to those on their 23-cm designs. 
The feed system uses a folded dipole. 

Needless to say, there will be some 

•Down East Microwave (W3HQT), Box 1655A, RFD 
No. 1, Burnham, Maine 04922. 

•‘The "PX" Shop IKC2PX), 52 Stonewyck Drive, Belie 
Meade, New Jersey 08502. 
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more churning going on in 33-cm an¬ 
tenna design in the forseeable future. 
Older designs will be improved and 
new designs will be forthcoming. Only 
time will tell whether the present an¬ 
tenna approaches are optimum for the 
33-cm band. 

circuit update 

The converter/transverter designs in 
reference 1 have worked out quite well 
for many of us on the 33-cm band. 
Note that a few errors appeared in 
some of the figure captions in refer¬ 
ence 1: the conversion loss of the 
transmit type upconverter shown in 
fig. 3 should be 16 dB (not 9 dB), and 
the gain of the medium power ampli¬ 
fier in fig. 12 should be 20 dB (not 30 
dB). 

Some additional comment on the hy¬ 
brid modules are in order. Since refer¬ 
ence 1 was published, the USA dis¬ 
tributor for Toshiba has discontinued 
importing the SAU11 and SAU15 hy¬ 
brid modules. However, I've been ad¬ 
vised by Hiro Shiozawa, JAOJCJ, that 
he can provide some of the modules 
— particularly the Toshiba units — 
directly from Japan. I'd suggest that 
you write to him to make further ar¬ 
rangements.* 

There are several other sources of 
suitable hybrid modules. The NEC 
MC-5809 driver module mentioned in 
reference 1 works just as well as the 
Toshiba SAU15 as a 100-milliwatt lin¬ 
ear amplifier. Although I haven't tried 
it, the NEC MC-5843 shown in fig. 12 
of reference 1 should work as well as 
the Toshiba SAU11, albeit at a higher 
price. 

Other substitutes for the high power 
module with 7 to 8 watts minimum out¬ 
put power (such as the NEC MC-5828, 
MC-5829, and MC-5842) are also avail¬ 
able. Each has a different gain and out¬ 
put power. Of particular interest is the 
MC-5828, which sports an output 
power of 8 watts minimum, with only 
1-milliwatt input power — all for 
$42.50 in single quantities! The NEC 
distributor in the USA is California 
Eastern Labs.** 

Although I have no specific part 
numbers or additional information, I 
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Notes: 

1. Dimensional tolerances should be held to 
±0.013, with ±0.04 inches maximum. 

2. Reference all spacings from the rear of the 
boom to prevent tolerance buildup, 

3. The circumference dimension shown is the 
distance between the holes in the loop. The over¬ 
all loop length should be approximately 0.5 
inches longer than shown to allow 0.25 inch 
overlap on each end of the loop. The loops are 
0.375 inches wide, made from a 0.062 inches 
thick aluminum sheet. Any deviations in thick¬ 
ness or width must be compensated for per ref¬ 
erence 5. 

*Hiro Shiozawa, JAOJCJ, 1462 Osato, Kofu, 400 
Japan. 

''California Eastern Labs, 3260 Jay Street, Santa 
Clara, California 95054. 
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fig. 2. A recommended 46-element loop 
Yagi designed for 903 MHz. Construction 
is similar to that described in references 
1 and 5. 
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fig. 3. The feed system for the 46-element loop Yagi shown in fig. 2. Before soldering 
loop, adjust height (and length, if necessary) of loop for best VSWR. 


know that Motorola also has a line of 
33-cm hybrid power modules. The 
power levels are in the same class as 
the ones already mentioned, so if 
you're interested in using this type of 
module, I'd suggest that you also 
check the Motorola product line. 

SSB with class-C 
amplifiers 

The hybrid modules just described 
all operate in class C. In the past I 
speculated that you could run SSB 
through a class C amplifier with an ac¬ 
ceptable IMD if certain parameters 
were taken into consideration. This is 
particularly advantageous when using 
solid-state "bricks" or hybrid modules. 


because previous attempts to rework 
them for class B bias usually resulted 
in thermal runaway. 7 

Since then I've verified with on-the- 
air tests that this is indeed possible. 
Basically the trick I use is to rf-bias 
rather than dc-bias the class C mod¬ 
ule by applying a small amount of car¬ 
rier to an SSB signal. The optimum 
seems to be about 1 watt of output 
from the 10-watt class C module with 
no modulation applied. 

I have an older phasing type of SSB 
exciter, so I just unbalance the carrier 
until the output of the module is about 
1 watt without modulation. I then 
operate SSB normally. This procedure 
will probably work with other class C 



fig, 4. Schematic diagram of a low-loss, 
single-section bandpass filter. (See text 
for explanation of components. Cl and 
C4 are 0.5 pF; C2 and C3,1-6 pF air varia¬ 
ble. LI: 1 turn No. 14 AWG with a 
0.25-inch inside diameter.) 


circuits and devices if the rf bias is held 
to about 10 percent of the maximum 
output power. One precaution: don't 
transmit on SSB using this technique 
for long periods of time unless you 
have an adequate heat sink attached 
to the hybrid module. You could 
destroy it! 

transverters 

The circuits described in reference 
1 can be easily assembled for trans- 
verter operation with a common local 
oscillator and power splitter as de¬ 
scribed. As proposed, the modular ap¬ 
proach allows quick insertion of new 
or improved designs as they become 
available. This approach has worked 
out well for homebrewers like me. 

Recently SSB Electronics intro¬ 
duced the model LT33S transverter. 
Available from Transverters Unlimit¬ 
ed/ it operates at 903 MHz with a 
144-MHz i-f and sports a low-noise 
GaAsFET preamplifier and 6 to 10 
watts of transmitter output power. 
This particular unit is quite popular 
with 33-cm enthusiasts. 

linear amplifiers 

As suggested in reference 1, there 
are many choices of bipolar power 
transistors for solid-state linear power 
up to about 20 watts. Unfortunately, 
time and space won't permit me to dis¬ 
cuss new solid-state linears too deep¬ 
ly at this time, but I will make a few 
suggestions. 

‘Transverters Unlimited (VE3CRU), Box 6286 Station 
A, Toronto. Ontario, Canada M5W 1P3. 
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The NEC NE0804 (5 watts), the 
NE0810 (11 watts), and the Thomp- 
son-CSF (formerly Solid State Micro- 
wave) SD1418 common emitter power 
transistors are recommended. They 
should work well using a circuit similar 
to that used on 23 cm by WB5LUA. 8 
All that's required for 33-cm operation 
is to lengthen the input and output 
lines and possibly change the value of 
the chip capacitor that shunts the base 
and collector of the transistor to 
ground. 

Some medium power (40 to 100 
watt) solid-state amplifiers are now be¬ 
ing used. Typically they run class C with 
grounded base transistors. WA3JUF 
has proposed such a circuit using the 
Thompson CSF SD1414. 9 

high power amplifiers 

For high power, tubes are strongly 
recommended. For power levels up to 
100 watts, the ubiquitous 2C39/7289 
is highly recommended. These tubes 
are plentiful and inexpensive, 

W1RIL and others have modified the 
70-cm 2C39/YD1050 amplifier described 
in The UHF Compendium to work on 
33 cm. 10 They shortened the half-wave 
plate line to 78 mm (as opposed to 175 
mm), shortened the output coupling 
link, modified the input matching net¬ 
work as required, and obtained 50 to 
100 watts output with reasonable gain. 

A 3CU400/800 flat cavity amplifier 
design is recommended for medium 
power levels (300 to 500 watts). 11 
Quarter- and half-wave cavity amplifi¬ 
ers using the 7650/7651 or the larger 
7213/7214 tubes are highly recom¬ 
mended. They work well on these fre¬ 
quencies, can deliver high power, and 
are often seen at flea markets. I'm sure 
that many surplus or UHF TV "pulls" 
are also available. Stripline amplifiers 
will probably still work adequately at 
these frequencies. 

filters 

The filters shown in reference 1 
work well. However, they are entry 
level filters with fairly wide bandwidth. 
The input filter is particularly wideband 
but more than sufficient to protect the 
input of the MRF901 preamplifier 


design (shown in reference 1) if there 
are no local high power rf emitters 
such as UHF TV stations nearby. 

Recently I developed an improved 
input filter with narrower half-power 
bandwidth — 30 versus 100 MHz — 
and less than 0.5 dB insertion loss. In 
addition, the 20-dB down points are 
only 300 MHz apart, as contrasted with 
the earlier design of 1000 MHz. It's 
similar to the design approach used in 
my 2-meter high dynamic range con¬ 
verter. 12 

A schematic of this single-section fil¬ 
ter is shown in fig 4. Cl and C4 can 
be realized by connecting two 1.0-pF 
capacitors in series. C2 and C3 should 
be the piston or air-variable type if 
minimum insertion loss is desired. For 
lowest loss and best isolation, this fil¬ 
ter should be built in its own shielded 
box (such as a Pomona Electronics 
2417, 2428, or equivalent). 

This filter is best tuned by adjusting 
C2 and C3 for minimum VSWR using 
a low power signal source. These 
capacitors will interact with each oth¬ 
er, so alternate tuning until the VSWR 
is at a minimum. A typical passband 
plot of this filter is shown in fig. 5. 

Likewise, the two-section bandpass 
filter shown in reference 1 is also 
an entry level filter. It has a half-power 
bandwidth of 50 MHz, which is a little 
too wide if a 28-MHz i-f is used. A 
slightly more complex three-section fil¬ 
ter with a narrower half-power band¬ 
width, 36 MHz, and better skirt selec¬ 


tivity of 100 MHz, rather than 350 MHz 
(30-dB down points), has been devel¬ 
oped. A schematic is shown in fig. 6. 

This filter is of the combline type 
with the input and output connections 
made directly to the resonators. The 
coupling is set by the spacing between 
resonators, the height of the filter en¬ 
closure, and the input/output tap po¬ 
sition. 

As with the single-section filter just 
described, the tuning capacitors should 
be of the low-loss piston or air-variable 
type. The resonators should be spaced 
1 inch center-to-center and mounted 
midway between the top and bottom 
of the enclosure. The filter is built 
in a small shielded box (with 4 x 2 x 
1-inch outside dimensions) such as 
the Hammond 1590L or equivalent. 
The most important parameter of the 
shielded box is the height inside the 
enclosure, which is about 0.8 inches. 
This filter can be tuned for minimum 
loss, but for best performance a 
sweep-tuned setup is required. A typi¬ 
cal passband plot is shown in fig. 7. 

preamplifiers 

The MRF901 preamplifier in refer¬ 
ence 1 has performed quite well. Until 
recently it has been my only preampli¬ 
fier. Though its noise figure is too high 
(typically 3 dB) for serious weak-signal 
operation it makes an excellent 
second-stage postamplifier. 

For a really low noise figure, use a 
GaAsFET preamplifier. I've recently 
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fig. 6. Schematic diagram of a three- 
section bandpass filter for 903 MHz. (See 
text for details on components and tun¬ 
ing. Cl, C2, C3: 1-6 pF air variables. Jl, 
J2: input/output connectors (type BNC 
or equivalent. LI, L2, L3: 0.25-inch wide 
thin (0.02-0.03 inch) copper strap spaced 
1.0 inch center-to-center in a shielded 
enclosure, per text. Tap LI and L3 0.25 
inches from the grounded end of the in¬ 
ductor.) 


4:1 L-network transformer that worked 
well for me on the VHF bands and is 
relatively broadband with low loss. As 
a result, the output compression point 
is very high; this is a performance pa¬ 
rameter some of the other matching 
schemes I've used didn't have. 

To align the preamplifier properly, a 
good noise figure generator is recom¬ 
mended. However, adequate perfor¬ 
mance can be obtained by using a 
weak-signal source for tuning. After 
tuning Cl and C2 for best sensitivity, 
spread or compress the turns on L2 for 
maximum gain, typically 13 to 15 dB. 
Overall noise figure is a function of the 
construction and GaAsFET used, but 
0.5 to 1 dB is typical. The device type 
isn't critical; the MGF1402, MGF1301, 
NE72019, or equivalent GaAsFETs 
should all work well. 



built one similar to the design shown 
in reference 13. A schematic is provid¬ 
ed in fig. 8. The input circuit, a tuned 
tank, is easy to construct and provides 
a reasonable amount of selectivity, 
reducing the susceptibility to overload 
from high power emitters in the VHF 
range and below. 

The output matching circuit uses a 


receivers 

Wide-frequency coverage receivers 
(such as Yaesu's FRG9600) are now 
available. Not necessarily weak-signal 
types, they have noise figures typically 
in the 6 to 10 dB range; a low-noise 
preamplifier ahead of the receiver is 
recommended for weak-signal opera¬ 
tion. The new ICOM R-7000, designed 


to cover from 25 to 1000 MHz and 
from 1030 to above 1300 MHz, offers 
excellent frequency stability and weak- 
signal characteristics on the 33- and 
23-cm bands. 

commercial fm gear 

As mentioned in reference 1, a por¬ 
tion of the 33-cm band is a citizens 
band in Japan. As a result, many low 
power (5 watt) fm transceivers are 
available in Japan, but not yet in the 
USA, although that situation could 
change any day now. 

Table 1 shows a few of these trans¬ 
ceivers. They're all citizens band type 
with typically 75 to 100 fixed channels 
between 903 and 905 MHz. These trans¬ 
ceivers have F3E emission and a nomi¬ 
nal 5 watts output power. They're very 
small and excellent for portable 
operation. 

One channel on these transceivers 
is at 903.1125 MHz. W1XX and others 
have been using this channel at port¬ 
able locations because it's close to the 
weak-signal calling frequency. How¬ 
ever, if these transceivers become 
available in the USA, I hope that they'll 
be used only above 904 MHz so as not 
to interfere with weak-signal opera¬ 
tions near 903.1 MHz. 

summary 

This month's column reviewed the 
current status of operation on the 
33-cm band. New higher performance 
circuits and some equipment, both 
homebrewed and commercial, were 
recommended. Improvements to the 
circuits recommended in reference 1 
were also discussed. I hope this infor¬ 
mation will stimulate increased activi¬ 
ty. . . see you on 903.1 MHz, especially 
on Friday evenings — a recommend¬ 
ed activity night — at 9 PM (local 
time)! 
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SMIRK lives 

Ray Clark, K5ZMS, president of 
SMIRK (Six Meter International Radio 
Klub) has recently informed me that 
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The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Cailbooks for 1987. 

The North American Callbook lists the calls, 
names, and address Information for licensed 
amateurs in all countries from Canada to 
Panama including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S. possessions. 

The international Callbook lists the 
amateurs in countries outside North 
America, coverage includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement is a new idea 
in Callbook updates; it lists the activity in 
both the North American and international 
Cailbooks. Published June 1, 1987, this 
Supplement will include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Cailbooks is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 

incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

□ international Callbook 

Incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

Incl. shipping within USA $13.00 

Incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & international Cailbooks 

Incl. shipping within USA $53.00 

incl. shipping to foreign countries 58.00 


******* 


Illinois residents please add 6V;% tax. 
All payments must be In U.S. funds. 
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fig. 8. Schematic diagram of a recommended 903-MHz GaAsFET preamplifier. 


“SMIRK is still alive and kicking/' 
However, because of budgetary con¬ 
straints, copies of the quarterly news¬ 
letter won't be sent to anyone who 
isn't a paid-up member. If you're a 
SMIRK member and haven't renewed 
your dues, send $3 to Ray at his call- 
book QTH. 

new award program 

In order to stimulate more weak- 
signal operation on 70 cm (432 MHz), 
Art Holmes, WA2TIF, has instituted 
a new awards program. Basically, 
there's a monthly award for making at 
least 50 QSOs, a monthly award for 
1000 points by multiplying number of 
QSOs times grids worked, and an en- 
dorseable award for working 100 or 
more different stations on the band. 
The only stipulation is that contacts 
made on nets and during contests 
don't count. Write Art at 11 Kerr Road, 
Rhinebeck, New York 12572, for fur¬ 
ther information. 

new records 

There have been some unusually 
late and long DX tropo openings this 
year. The one during the U.S.A. 
Thanksgiving weekend will be long 
remembered because so many North 
American records were broken. Al¬ 


though this represents preliminary in¬ 
formation, I'll list those new records 
that I've been able to document. 

The 70-cm tropo record is now held 
by Ray, WB3CZG, FN10AX, for a 
QSO on November 29, 1986, with 
Kent, WA5VJB, EM12LQ, of approx¬ 
imately 1318 miles (2120 km). On the 
same date, a new 23-cm record of ap¬ 
proximately 1287 miles (2070 km) was 
set between Ray, WB3CZG, FN10AX, 
and Dave, KD5R0, EM13PA. Finally 
on November 28 and 29, 1986, the 
13-cm (2304 MHz) record was broken 
several times by WB5LUA, KD5R0, 
K9HMB, and W8YIO. When it was all 
over, Dave, KD5RO, EM13PA, and 
Lew, W8YIO, EN82BE, emerged as 
the new record holders for a distance 
of approximately 940 miles (1516 km). 

Just before this great weekend, 
Tony, K5PJR, EM260P, and Jim, 
WA5ICW/5, EM04HX, set a new 
6-cm (5760 MHz) tropo record of 
approximately 285 miles (459 km). 
November certainly was an exciting 
month for UHF and microwave 
records! Congratulations should go 
not only to the new record holders, but 
to all those who — if only for a few 
minutes — held the record. Great go¬ 
ing! Keep it up! 


Tel: (312) 234-6600 
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grid square index 

Recently Folke Rosvall, SM5AGM, 
created The Radio Amateur's World 
Atlas, a 24-page book of maps and ta¬ 
bles which show the geographical 
coordinates of all 32,400 grid squares 
in the world, along with an extensive 
index of cities worldv He. I've been 
using this book for some line and find 
it quite helpful in locating grid squares 
of stations in the USA as well as DX 
stations anywhere in the world. Since 
most of my acquaintances seem to be 
unaware of this book, I thought I'd 
mention it because it's so helpful with 
my record keeping. It's available from 
Ham Radio's Bookstore for $3.95 plus 
$3.50 shipping and handling. 

references 

1. Joe Reisert, W1JR, “VHP/UHF World: 33cm - Our 
Newest Band/' hum radio, April, 1986, page 83. 

2. Joe Reisert, W1JR,, “VHF/UHF World: Microwave 
and Millimeter wave Propagation — Part 1," ham radio. 
July, 1986, page 82. 

3. Joe Reisert, W1 JR, “VHF/UHF World: Microwave 
and Millimeter wave Propagation — Part 2." ham radio, 
August, 1986, page 69. 

4. Joe Reisert, W1 JR, "VHF/UHF World: The Ubiq¬ 
uitous Diode - Pan 1," ham radio . February, 1987, 
page 51. 

5. Joe Reisert, W1 JR, "VHF/UHF World: Designing 
and Building Loop Yagis,” ham radio. September. 
1985, page 56. 

6. Joe Reisert, W1JR, "VHF/UHF World: Stacking 
Antennas - Part 1," ham radio April, 1985, page 129. 

7. Joe Reisert, W1JR. "VHF/UHF World: Medium 
Power Amplifiers." ham radio, August, 1985, page 39. 

8. A1 Ward, WB5LUA, "1296-MHz Solid-State Power 
Amplifiers," QST, December, 1985, page 41. 


^ CADDELL 
^ COIL CORP. 


35 Main Street 
Poultney, VT 05764 
802-287-4055 


BAIUNS 

Get POWER lo your antenna* Our Baiuns are 
already wound and ready lor installation in your 
transmatch or you may enclose thorn in a 
weatherproof box and connect them directly at 
the antenna They are designed lor 3-30 MHz op 
eration (See ARRl Handbook pages 19-9 or 
6-20 for construction details.) 

t00WotM4:1A 1.9:1, w 1;1 Ifrpodonc^—tolwrlonoj $10 50 

Umvof»«1 Tfonimolch i KW p: Hmpedofic*) 14.50 

Untvoraal Tronamalch ? K W (4 1 Impodonce} 17 00 

Univoraat Tmnsmoicli t KW (GH, 9:1, 04 U1--select one) 16 00 

Untmial TiAnuniKli 7 KW (S:l. Q:l. or i i-~seloct one) US.50 

Please send large SASE for info 


9. Dave Mascaro, WA3JUF, ”33-cm Circuits,” Mid * 
Atlantic States VHF Conforanca, October 4, 1986. 

10. K. Winer, DJ9HO, 77/e UHF Compendium: Pan 1 
and 2, January, 1982, page 272 (out of print). 

11. Robert I. Sutherland, W6PO, and William I. Orr, 
W6SA1, "A High-Power Cavity Amplifier for the New 
900 MHz Band," QST, November, 1982, page 14. 

12. Joe Reisert, W1JR, "VHF/UHF World: High 
Dynamic Range on 2 Meters,” ham radio, November, 
1985, page 54. 

13. Joe Reisert, W1JR, "VHF/UHF World: Low-Noise 
GaAsFET Technology," ham radio, December, 1984, 
page 99. 


Important VHF/UHF Events 

April 13: ARRL 144-MHz Spring Sprint 

Contest (eveningj 
April 18: EME perigee 

April 21: ARRL 220-MHz Spring Sprint 

Contest (evening) 

April 22: Predicted peak of the Lyrids 

meteor shower at 1100 UTC 
April 24-26: Dayton HamVention 


April 29: 


May 2-3: 


May 5: 


May 8; 

May 14: 

May 15: 
May 15-17: 


May 23-24: 


ARRL 432-MHz Spring Sprint 
Contest (evening) 

West Coast VHF Conference 
(contact WB6GFJ) 

Predicted peak of the Eta 
Aquarids meteor shower at 
1300 UTC 

ARRL 902-MHz Spring Sprint 
Contest (evening) 

ARRL 1296-MHz Spring Sprint 
Contest (evening) 

EME perigee 

13th Annua/ Eastern VHF/UHF 
Conference. Nashua. New 
Hampshire (contact W1EJ) 
ARRL 50-MHz Spring Sprint 
Contest (evenings) 
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understanding noise figure 


See why 
optimized NF 
doesn’t imply 
best output S/N 

Noise figure is probably the most common param¬ 
eter used to specify the noise performance of amp¬ 
lifiers and other systems where noise performance is 
a critical feature. However, the concept of noise fig¬ 
ure is often misunderstood, and quite often misapplied. 

This can result in a system with noise performance 
far less than ideal. For example, it might seem that 
an improvement in noise figure of a low-noise system 
would naturally result in lower total output noise and 
better output signal-to-noise ratio. However, this isn't 
always the case. It's quite easy to improve the noise 
figure to its optimum minimum value while causing 
an increase in output noise and a degradation in signal- 
to-noise ratio for any given signal. John Maxwell gives 
a good review of this problem in reference 1. 

Noise figure is a "figure-of-merit" (a measure of 
"idealness") that demonstrates the amount of noise 
a system such as an amplifier adds to a signal¬ 
processing task such as amplification. If an amplifier 
were perfectly noiseless, it would add no additional 
noise and the noise figure would be zero. Similarly, 
a noise figure of 3 dB implies that the amplifier adds 
as much noise to the system as was initially present 
prior to amplifying (remember, a 3-dB increase in 
power is a doubling in power.) Also, the noise figure 



is a measure of the amplifier's performance, not the 
circuit performance. That's why we may take a specific 
circuit and optimize the noise figure but actually 
degrade the output signal-to-noise ratio. 

Noise figure, NF, is defined as 10 times the common 
logarithm of the "Noise Factor," F , and the noise 
factor is defined as the ratio of the total output noise 
power of a system (an amplifier, for example) to the 
output noise power due to the source alone. 2 


F = 


_ Total output noise power 

Output noise power c/ue to the source alone 


NF = 10 log F (2) 

The noise factor in eqn, 1 is a ratio of the actual output 
noise of a system to the output noise that would be 
present due to the source alone if the system were 
perfectly noiseless. Two things are important to notice 
about eqn.1: the first is that the noise factor is defined 
in terms of noise powers, and second is that it is 
defined at the output of the system. Examining eqns. 
1 and 2, something is conspicuous by its absence — 
a signal. The noise figure apparently has no relation 
to any signal or to the S/N. In fact, you don't even 
need a signal to find the noise figure, and without a 
signal, you have an S/N of 2 ero! Well, the noise factor 
(and noise figure in turn) may be loosely considered 
a noise-to-signal ratio where the source noise is both 
the signal and a component of the total noise. 

However, the noise figure may be related to the S/N 
relatively simply. Consider an amplifier with the 
following parameters. 


Michael E. Gruchalla, 2450 Alamo Avenue S.E., 
P.O. Box 9100, Albuquerque, New Mexico 87119 
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Ns ~ Source noise power delivered to the amplifier 
input 

N| — Amplifier equivalent input noise power 

Gp - Amplifier power gain 

p s = Amplifier input signal power 

Now, the numerator of eqn. 1, total output noise 
power, is actually the sum of the noise contributed 
by the amplifier and that contributed by the source. 
Also, a specific output power is given by the 
corresponding input power multiplied by the amplifier 
power gain. We can then write the noise factor as 
eqn. 3. 

(N s G P + N f G P ) (3) 

N s G P 


Now, if we divide both the numerator and denominator 
by the output signal power (Ps Gp) and rearrange the 
terms, the results of eqn. 4 are found. 


P S /N S 

(Ps Op) / [(Ns + Nf) Gp] 



In examining eqn. 4, we see that the numerator is sim¬ 
ply the signal-to-noise ratio of the input source. Simi¬ 
larly, the denominator is the signal-to-noise ratio at the 
amplifier output. So the noise factor is equal to the 
input S/N divided by the output S/N. 



S/N input 
S/N 0U tp U t 



This is commonly known as the "Friis Equation/' in 
honor of H.T. Friis, 3 who originally developed it in 
1944. A subtle but important point to observe about 
the Friis equation is that the term S/N input is the S/N 
of the input signal not the S/N at the amplifier input. 
Also, it should be understood that this is not the defi¬ 
nition of noise factor, but rather a derived expression 
computed from the definition given in eqn. 1. 

optimum source resistance 

For any amplifier system, a value of optimum source 
resistance exists which will produce an optimum mini¬ 
mum noise figure. The problem lies in the fact that 
the value of optimum source resistance is rarely even 
close to the resistance of the source we wish to use. 
The NF of the source-amplifier combination is then less 
than optimum. It is often thought that a resistor could 
be added in series or shunt with the source to modify 
its apparent value as seen by the amplifier to become 


the optimum source resistance. This would indeed im¬ 
prove the NF with respect to the apparent source re¬ 
sistance, but not with respect to the original source. 

The addition of this resistor has two effects. First, 
it loads the source dissipating some of the signal power 
that would normally be available as amplifier input, 
causing the signal term of the S/N expression to be 
reduced. Second, it adds the resistor's thermal noise 
to the system, causing an increase in the noise term 
of the S/N. The net effect of adding the modifying 
resistor is that the output signal is reduced, and the 
output noise is increased, which results in an overall 
reduction in the S/N. However, the NF is reduced to 
its optimum minimum value I Is this contradictory? Can 
we truly improve the NF of a system and actually de¬ 
grade the S/N? If this is true, is the NF a useful pa¬ 
rameter at all? 

Perhaps a practical example or two using the 
parameters of real components will clarify this prob¬ 
lem. (For more detailed analyses, check references 1 
through 4.) The basic difficulty lies in the fact that the 
addition of a series or shunt resistor to a given source 
resistance only modifies the apparent resistance of the 
source. The actual value remains unchanged. The 
source contributes a specific signal and a noise com¬ 
mensurate with its resistance. For some specific sig¬ 
nal, this provides some source S/N. The modified 
source will exhibit a lower available signal for the same 
actual signal level due to the loading effect of the 
added modifying resistor. The thermal noise of the 
modified source may be higher or lower than the origi¬ 
nal source, depending on whether the added resistor 
was added in series or shunt. However, in all cases 
the source S/N for any given signal level of the origi¬ 
nal source will be reduced. The addition of a simple 
resistor to modify the source then in effect makes the 
source "more noisy," which in turn renders any noise 
of the amplifier system less significant. That can cause 
an improvement in the NF. However, since the signal 
has been made more noisy, the S/N is degraded. 

examples 

Consider the circuit shown in fig. 1. This is a clas¬ 
sic model of a generalized amplifier showing the noise 
parameters. 4 The source En$ is the RMS noise poten¬ 
tial of the source resistor R$. The amplifier noise is 
referred to the amplifier input as two equivalent input 
noise sources: an input noise potential E^i, and an in¬ 
put noise current In|. If you check the specifications 
of various high-performance amplifiers, you'll find 
these parameters. It should also be emphasized that 
as with almost all noise parameters, the total noise 
available from the sources is a function of the noise 
bandwidth, BW^, and the frequency of measurement. 
Generally, the spot noise values (noise per Hertz of 
bandwidth) are specified as a function of frequency. 
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In the model, the amplifier input resistance is R| and 
the voltage gain is A v . Both of these are defined as 
noiseless because all noise contributions are included 
in the two equivalent input noise sources. It can be 
shown that the optimum source resistance that yields 
the best NF is given by eqn. 6. 2 

R$ (optimum) = £,\//7v/ (6) 

With that optimum source resistance, the optimum NF 
is given |^y eqn. 7. 2 

NF (optimum) = JO tog 

where: k = Boltzmann's constant = 1.38x10 23 

watts-seconds/ a k 
T = Absolute temperature in °k 

As an example, consider the source as a magnetic 
phonograph cartridge with a source resistance of 1000 
ohms and a noise bandwidth of 20 kHz. Also, con* 
sider an LF356 FET amplifier configured for a voltage 
gain of 100. The LF356 parameters from the data 
sheets are given below. 

R| = 10 12 ohms 

E n , - 12 nV/Hz @ 1 kHz 

Ini = 0.01 pA/ Hz @ 1 kHz (shot noise of input 
current) 

Ay = 100 (configured gain) 

To simplify the example, the noise contributions of any 
circuit resistors are ignored. (If we were actually try¬ 
ing to optimize noise performance, those noises would 
be included.) Also, consider that the 1 kHz spot-noise 
values given are constant over the frequencies of in¬ 
terest. From eqn. 6, the optimum source resistance 
is found to be 1.2 megohms; from eqn. 7, the opti¬ 
mum NF at that source resistance is found to be 0.063 
dB! This very low optimum NF is typical of FET-input 
devices, but the very high optimum Rs often results 
in poorer practical noise performance (S/N) than that 
provided by higher noise bipolar devices. This occurs 
because the optimum source resistance for typical 
bipolar elements is often much nearer the value of typi¬ 
cal sources (such as our phonograph cartridge) than 
that of FET devices. This will be demonstrated below. 
The NF for this amplifier with the 1-k source is 9.9 dB. 
That is much poorer than the 0.063 dB optimum. The 
output noise is 179 /A/ RMS. (Note; noise signals must 
be added as powers or by adding their mean-square 
values.) Adding a 1,199,000-ohm resistor in series with 
the 1-k source provides an optimum 1.2-megohm 
source resistance to the amplifier. The output noise 
is then 2 mV RMS and the NF is indeed 0.063 dB. The 
optimum NF configuration will have an output noise 
eleven times higher than the less optimum unmatched 
case and in both cases the gain will be 100 (the 
10 12 -ohm amplifier input resistance does not load either 



source configuration significantly). Then, for any giv¬ 
en signal, the optimum NF configuration will exhibit 
an output S/N eleven times poorer than the un¬ 
matched configuration. So, even though the NF is 
poorer for the unmatched case, the noise performance 
is better: 21 dB better! 

Now we'll try matching in a more optimum manner. 
Let the 1-k source be transformed to the optimum 
1.2-megohm resistance with an ideal transformer hav¬ 
ing a 1:34.6 turns ratio. Note that this is not an opti¬ 
mum power match. We'll define the transformer as 
noiseless, but in a very accurate analysis its winding 
resistances would contribute some thermal noise that 
would have to be considered. Also, we'll adjust the 
amplifier gain to provide the same overall gain of 100 
of the previous example to allow simple comparison. 
This does not affect the S/N or NF since both of these 
are independent of system gain and the transformer 
was defined as noiseless. Now the total output noise 
is 57.97 fi\J and the noise due to the source alone is 
57.55 jiV, resulting in the expected 0.063 dB NF. With 
the selected amplifier, this configuration will provide 
the best possible S/N for any given signal. It is 9.8 
dB better than the simple unmatched case (20 log 170 
/A//57.97 fiV) and 30.8 dB better than the resistive 
matched case. 

This may still be a little confusing, and you may be 
convinced that NF is a useless parameter. Let's ex¬ 
amine what was done in the examples above. First we 
started with a device with a 1-k source resistance and 
an amplifier with a 1.2-megohm optimum source re¬ 
sistance and gain of 100. Direct application of the 
source to the amplifier gave us a signal gain of 100 
with a 179 /A/ output noise and a 9.9 dB NF. Adding 
a 1,199,000-ohm series resistor gave us an optimum 
noise match with respect to the amplifier, with an out- 
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put noise of 2 mV and a 0.063 dB NF with the signal 
gain still 100. Since the gain was the same in both 
cases, the output signal would be the same for both 
for a given input signal. Then, since the output noise 
was higher in the second case than in the first, the 
S/N would be poorer, even though the NF was better. 

What did we do wrong to get the lower NF case 
to give us a poorer noise performance? It's actually 
very simple. When we added the series resistance, the 
effective source seen by the amplifier was optimized, 
but the actual source resistance was unchanged. We 
inadvertently defined the source resistance in two 
different ways: as the real source resistance in one 
case and as the source plus a series resistance com¬ 
bination in the other. The 1-k source resistance is part 
of a circuit element that contributes both signal and 
noise. Adding a series resistance adds a circuit ele¬ 
ment that contributes only additional noise and no ad¬ 
ditional signal, so it should be expected that the S/N 
should be made poorer. 

Looking back at eqn. 1, we see that the numerator 
is related to the source noise. If we define the source 
as the 1000-ohm resistance of our actual phonograph 
cartridge, well compute one value of output source 
noise, but if we use the 1.2-megohm resistance of the 
combined resistances, we'll find another (higher) val¬ 
ue. As far as our amplifier is concerned, all compo¬ 
nents attached to its input constitute the source. 
However, to our actual source, only its elements con¬ 
stitute the source. When we add resistors to modify 
the source resistance, which value of source resistance 
should we use for the NF calculations? That depends 
upon what we're trying to find. If we wish to find the 
NF of an amplifier, everything tied to the input is then 
the source. If, however, we are trying to determine 
the NF of an amplifier with a specific source, only the 
actual source should be considered as the "source." 
In general, the actual source is the true source as far 
as the total circuit is concerned. Adding extraneous 
components to the source doesn't change its actual 
value, only its apparent value seen by the amplifier. 
Since it's the signal from a specific source that we're 
generally interested in processing, we should always 
compute the "output noise due to the source" in 
eqn. 1 from the actual source of interest and not that 
"seen" by the amplifier input. 

With this in mind, let's go back to our original 
phonograph cartridge source and LF356 amplifier. We 
found that the NF computed from eqn. 2 with the 
source directly applied to the amplifier was 9.9 dB, 
When we added the 1,199,000-ohm resistor and de¬ 
fined the 1.2-Megohm source plus series resistance 
combination as the "source," we found an NF of 0.063 
dB. Now, what would the NF be if we added the se¬ 
ries resistor but still used the 1000-ohm value as the 
source resistance? It would be 30.9 dB! This clearly 


shows that with respect to our actual source, the ad¬ 
dition of a series resistor only makes the NF poorer. 

If we could in some manner make the actual source 
resistance and the source resistance seen by the am¬ 
plifier equal the optimum source resistance, we would 
achieve the best possible noise performance. For ex¬ 
ample, if we could place in series 1200 of our phono¬ 
graph cartridge sources (with each delivering the same 
signal), we would achieve the optimum source resis¬ 
tance with the actual source. That would provide the 
optimum NF and a very good S/N because the avail¬ 
able signal power would be 1200 times that of a sin¬ 
gle source. However, that solution is obviously very 
impractical. We could possibly redesign the source to 
exhibit the 1.2 megohm resistance, but that too is 
generally impractical. The transformer offers us a very 
practical means of transforming the source resistance 
to the optimum needed, and well-designed transform¬ 
ers can do this almost noiselessly. With a transform¬ 
er, both the signal level and source impedance are 
scaled together: potentials and currents by the turns 
ratio, and resistances by the turns ratio squared. This 
maintains the source S/N, as seen by the amplifier, 
constant. So, in our example, the entire equivalent 
1.2-megohm source resistance at the transformer out¬ 
put contributes signal, 34.6 times more than the 1k- 
ohm source with a 1,199,000-ohm series resistor, with 
the same noise contribution of the optimum 
1.2-megohm resistance. That obviously results in a 
much better S/N than the simple addition of a series 
resistor because the signal has been increased along 
with the increase in the source resistance seen by the 
amplifier. 

In some applications we have control of the design 
of the source and can tailor its resistance to optimize 
noise performance with a specific amplifier. Howev¬ 
er, in the majority of cases the source resistance is 
fixed and we must select, or design, an amplifier 
whose optimum R$ is close to the specified source, 
or use a transformer to provide noise matching. For 
example, the LM1897 amplifier has an optimum NF 
of 1.82 dB at an optimum source resistance of 5.33 
k. That optimum NF is much poorer than the 0.063-dB 
value of the LF356. However, this amplifier provides 
a 3.87-dB NF with the 1-k source resistance, which 
is much better than the 9.9-dB value provided by the 
lower noise LF356 with the 1-k source resistance. The 
higher noise amplifier, with the specified source re¬ 
sistance, will actually provide a 6-dB higher S/N than 
the lower noise unit for any given signal. This is be¬ 
cause the LM1897 has an optimum source resistance 
value that more closely matches the 1-k source than 
the LF356. This shows that just because one amplifi¬ 
er has lower optimum noise figure than another, it may 
not provide better noise performance in a specific con¬ 
figuration or application. 
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Finally, there's the question of how the optimum 
NF soufee resistance relates to the optimum power 
match source resistance. That's very simple; they're 
totally unrelated. To demonstrate this, we can use a 
transformer to match the 1-k source resistance to the 
10 12 ~ohm input resistance of the LF356 f a turns ratio 
of 1:31,620. This will provide an optimum power match, 
but the NF will be 37.8 dB! That's considerably poor¬ 
er than the 0.063 dB optimum NF provided at the op¬ 
timum noise match. This is because the optimum noise 
source resistance is related to the equivalent input 
noise sources, and the optimum power match source 
resistance is related to the input resistance. In gener¬ 
al, the equivalent input noise sources and the input 
resistance are unrelated, rendering the optimum 
matching resistances similarly unrelated. 

The principal purpose in optimizing the power 
matching is to maximize power gain. In the case of 
optimizing noise performance, gain is not a particu¬ 
larly important consideration since additional gain 
stages may be added to obtain the total desired gain 
once the optimum noise performance is achieved. 
However, the process cannot be approached in re¬ 
verse; you can't match for optimum gain and then op¬ 
timize noise performance. 

When using NF parameters specified for some 
specific device with which you are designing, you must 
carefully examine those specifications to be sure you 
understand what's presented. This is particularly true 
in the case of rf components. Quite often curves of 
optimum noise figure are presented showing the op¬ 
timum NF as a function of frequency or bias current, 
but rarely is the actual value of the optimum source 
impedance given. Only at the optimum source impe¬ 
dance can the optimum NF be achieved. Since most 
rf measurements are made in systems of standard im¬ 
pedance such as 50 ohms, it might be assumed that 
the NF curves are given for that source impedance. 
If you make that assumption, you'll often find that you 
can't achieve the NF values specified. In other cases, 
only the NF curves at the measurement system impe¬ 
dance are given, providing no information for optimiz¬ 
ing the source impedance for best NF. Even worse, 
you often can't tell from the provided information 
which source impedance was used. There are, of 
course, exceptions such as the NE388 series MESFET, 
but these are all too rare. 

The situation is much better in the area of the low¬ 
er frequency components. For those components, the 
"Contours of Constant Noise Figure" are quite often 
given. These show numerous curves of NF as a func¬ 
tion of source resistance, operating point, frequency, 
etc. Using these data, one can quite effectively de¬ 
sign low-noise audio, i-f and low-frequency rf ampli¬ 
fiers that provide the performance predicted by the 
mathematical design. In fact, performance somewhat 
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better than that specified for the part can often be 
achieved because the manufacturer must use conserv¬ 
ative specifications to allow for a range of variation 
in the component line. In those cases where sufficient 
data isn't provided, you must make your own meas- 
urements of the various needed parameters. At lower 
frequencies that's relatively simple, but at the higher 
frequencies (i.e., greater than 100 MHz), that can be 
quite difficult without a collection of precision 
equipment. 

In conclusion, noise figure can be an excellent 
figure-of-meht for assessment of the potential noise 
performance of amplifiers and other systems, but a 
thorough understanding of the parameter is necessary 
if it's to be successfully applied. The performance sug¬ 
gested merely by the good noise figure of a device may 
not be reflected in the actual signal-to-noise ratio 
achieved from the device in a practical application. In 
an application where the source characteristics are 
predefined, it's generally more important to use an am¬ 
plifier with an optimum source resistance that closely 
matches the specified source resistance than to merely 
choose an amplifier with the lowest possible noise fig¬ 
ure. In no case can the signal-to-noise ratio of a sys¬ 
tem be improved by modifying the source resistance 
with a series or shunt resistor for making the combined 
resistance equal to the optimum source resistance for 
the system. This process can indeed result in the op¬ 
timum noise figure with respect to the apparent source 
seen by the amplifier, but will always degrade the out¬ 
put signal-to-noise ratio for any given signal. If the 
"source" element used for determining the noise fig¬ 
ure is always chosen as the actual source alone, 
meaningful results will be obtained. 

It should be understood that the parameter noise 
figure is simply a figure-of-merit, In practical systems, 
it's the actual signal-to-noise ratio that's of primary in¬ 
terest. However, the optimum noise figure for an am¬ 
plifier (or other system) does represent the best 
possible performance that can be achieved with that 
amplifier when the source resistance Is properly 
matched to the optimum resistance for the amplifier. 
If you always compute noise figure using the actual 
physical source as the source referred to in eqn. 1, 
you'll always arrive at a correct result. 
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DX 

FORECASTER 

Garth Stonehocker, KORYW 


a spring dx solution 

Atmospheric noise from thunder¬ 
storms can be a problem when you're 
chasing DX during this time of the 
year. Noise is propagated via the 
ionosphere just like DX. 

In March and April, spring storms 
occur in the northern hemisphere. 
Fronts of warm and cold air generate 
the first major thunderstorms of the 
year, with fast-moving cold fronts 
producing particularly potent thunder¬ 
storms. As a storm front approaches 
your area, you'll begin to hear a sig¬ 
nificant increase in the noise level. 
You'll first notice this increase at a one- 
hop distance (about 600 to 1200 miles) 
when the storm front is about one day 
west of your location. You can reduce 
the received noise a few dB by using 
a directional antenna such as a rotat¬ 
ing Vagi or a phased vertical array. De¬ 
termine the noise direction and work 
DX in the opposite direction, or do 
your best to null it out using a direc¬ 
tional trade-off between signal and 
noise strengths. Antennas with a low 
take-off-angle (TOA) at the operating 
frequency are best because noise nor¬ 
mally arrives at angles greater than 30 
degrees. 

As the front draws nearer, the noise 
level will usually decrease until it's with¬ 
in a ground-wave's distance (about 50 
miles). Now, loud individual discharges 
will be heard. A horizontally polarized 
antenna is the best radiator to use to 
lower the noise as much as possible. 
As the storm approaches, its sounds 


become part of the “local noise"; as 
it moves away, its noise decreases, 
then increases again as the front 
reaches the one-hop distance point a 
day or so later. The directional-low 
TOA antenna again becomes helpful. 
(Correlate your observations with storm 
progress reports on the local television 
weather program.) 

In looking for rare DX, you can save 
time by tracking storms in order to pin¬ 
point when and where the most favor¬ 
able listening conditions are likely to 
occur. 

Over the years of gathering informa¬ 
tion for and writing this column. I've 
kept an ear open for data that would 
verify the events and propagation con¬ 
ditions presented in previous fast- 
minute forecasts and highest band 
available charts in this column. To 
track the accuracy of these predic¬ 
tions, I plot daily values of solar flux 
and geomagnetic A (index) on a 
27-day epoch graph and find it's hard 
to be right much over 60 percent of the 
time. 

To verify published data, I monitor 
the ham bands and keep data collec¬ 
tion in mind while DXing. What I 
usually look for is the highest band 
with signals, then note where they're 
coming from and the time the band is 
changing (out or in) towards that 
direction. During the month, I get a 
better sense of how good that month's 
chart was. 

What do you think? Could the chart 
information be better? Let me know 
how you think it's working. 


last-minute forecast 

DX conditions on the higher fre¬ 
quency bands, 10-30 meters, are ex¬ 
pected to be best through the first 
week and a half. The probability of 
transequatorial openings should be 
greater during this period of higher- 
than-normal solar flux, especially if 
geomagnetic disturbances materialize 
as expected on the down slope of this 
short-term flux peak. This month is still 
within the spring equinox disturbance 
window, so be aware and take advan¬ 
tage of this opportunity to work some 
southern stations. 

The lower frequency bands will 
probably be affected by the distur¬ 
bances expected around April 8-10 and 
15-20. However, these will affect east, 
north, and west paths with lower 
MUFs and lower signal strengths with 
QSB. Look for DX from unusual loca¬ 
tions if the disturbance isn't too strong 
— K's greater than 5 or 6. Otherwise, 
the second and third weeks should be 
good for DX, with low atmospheric 
noise except when spring weather 
frontal thunderstorms pass your QTH. 

The perigee of the moon's orbit (for 
moonbounce DX) is on the 18th, with 
the moon showing full phase on the 
14th. There will be a short meteor 
shower, the Lyrid, on April 20-22, with 
a rate of five per hour — hardly much 
help for meteor-scatter DX. But a big¬ 
ger shower, the Aquarid, starts before 
the end of April, peaks on May 5, and 
ends in mid-May. Its rate is 10 to 30 
per hour. 

On March 29, expect a total eclipse 
of the sun in the southern part 
of South America and Antarctica, go¬ 
ing up to Southeast Europe and Asia. 

Ten , twelve and fifteen meters, the 
day-only DX bands, will be open mid¬ 
day to early evening almost every day 
to southern areas of the world. The 
openings on the higher of these bands 
will be shorter (if they occur at all), 
closer to local noon, and provide a 
possibility of transequatorial openings. 

—Wl 


hr 


April 1987 


97 




I, 

2200 

00 iZ 

[il 

1900 

s 

1700 

1600 

__ 

§ 

s 

1300 

1200 

1100 

1000 

B 

i 

0700 

I 

0500 

n 

ooco 

0200 

0100 

0000 

GMT 
























■■■■ 


APRIL ' 

.. I 

4k 

8 

0 

FI 

0 

0 

111:00 

o 

8 

| 9:00 

OB 

8 

01 

| 6:00 

O' 

8 

4:00 

3:00 

0 

1:00 

I 

11:00 

I 

I 

8:00 

7:00 

§ 

[i 

PDT 

ASIA 

ro 

ro 

ro 

s 

Lo 

ho 

ro 

ro 

ro 

ro 

ro 

ro 

to 

9 

a 

a 

a 

ro 

a 

a 

a 

a 

a 

ro 

T 


FAR EAST 

O 

o 

o 

m 

O 

O 

O 

o 

o 

o 

O 

O 

O 

a 

sfl 

isl 

a 

O 

a 

SC 

a 

a 

a 

o 



EUROPE 

ro 

ro 

ro 

r—. 

ro 

ft-* 

I—* 

i — * 


i—* 

t—• 

ro 

ro 

a 

a 

a 

a 

o 

ro 

ro 

a 

a 

m 


CO 

z 

X m 


o 

o 

o 

o 

cn 

cn 

cn 

cn 

cn 

cn 

o 

O 

m 

■fl 

a 

a 

O 

o 

a 

ifl 

m 

a 

a 




ro 

ro 

9 

9 

i— 1 

i—* 

i—* 

t—* 

i—* 

t—* 

i — 1 

□ 

9 

a 

a 

a 

ft~* 

i—• 

a 

Co 

a 


91 

ro 

I m 


S. AFRICA 

o 

o 

m 

m 


ro 

o 

o 

o 


ro 

H 

a 

a 

a 

a 

cn 

cn 


a 

a 

a 

a 


w 

m 

c/> 

S. AMERICA 

►—» 

i—* 


*—* 

* 


H 

ft-* 

i—* 

i - 

I 

ro 

ro 

to 

Co 

9 

9 

ro 

ro 


9 

9 

9 

1 

9 

/w 

m 


o 

o 

5* 

CO 

o 

CO 

ro 

ro 

ro 

cn 

o 

o 

O 

o 

SHI 


o 





sSm 


159 

m 

3J 

ANTARCTICA 


m 

b —>» 

1— 1 

ro 


ro 

4^ 


4^ 


4d 

9 

9 

9 

CO 

CO 

CO 

CO 

9 


ro 

a 

9 

^ to 

cn 

Km 

cn 

cn 

o 


o 

o 

o 

o 

o 

O 


SHI 

S39 

o 

o 

o 

do 

■ 

59 

S9 

77m 

(SB 


NEW ZEALAND 

> 


i—* 

9 


t—1 

ro 

to 

NO 

Nj 

Nj 

to 

9 

9 

w 

9 

i—• 

♦—* 

l— 1 


9 

9 

a 


MS 

Si 

> 

o 

o 

O 

SB 

ro 

cn 

o 

O 

o 

O 

iO 

O 

a 

si 

SO 

a 


ro 

o 


a 

si 

SI 

o 

OCEANIA 


1—* 

►—* 

i—» 

ro 

Co 

Co 

Co 

Co 

No 

ro 

ro 

9 

9 

a 


a 

»—* 

1— * 


a 


i 

M 

t < 


AUSTRALIA 

o 

o 

o 

ro 

O 

o 

o 

O 

o 

o 

o 

o 

a 

a 

a 


a 

o 

o 


a 


a 

O 

1 


JAPAN 

t— * 

ro 

ro 

ro 

ro 

ro 

Co 

Co 

Co 

ro 

Co 

Co 

Cj 

a 

a 

ro 

ro 

ro 

t—A 


a 


a 

t — * 

NW 

\ 


<J1 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

a 

a 

o 


: O 

cn 

a 


3 

cn 




U* 

8 

& 

8 

8 

8 

8 

INJ 

8 

8 

o 

8 

<o 

8 

CO 

8 

->J 

8 

as 

8 

O' 

8 

8 

CJ 

8 

ro 

8 

8 

8 

i 

9 

8 

<0 

8 

o> 

8 

-4 

8 

as 

8 

MOT 

ASIA 

FAR EAST 

ro 

o 

ro 

O 

ro 

o 

to 

o 

Cg 

o 

Co 

o 

ro 

o 

ro 

o 

ro 

o 

ro 

O 

ro 

O 

ro 

O 

a 

a 

NO 

o 

NO 

CO 

a 

ro 

O 

ro 

o 

m 

a 

ro 

o 

a 

ro 

o 

\ Z 

m 

*’ = 

/« — 

tfl c/) 

> 

t < 

/z 

s * 

EUROPE 

ro 

o 

ro 

o 

ro 

o 

ro 

o 

ro 

o 

cn 

ft— 1 

cn 

»—* 

cn 

i — * 

cn 

ft-* 

cn 

ro 

o 

ro 

O 


a 

ro 

O 

Co 

O 

Co 

O 

Co 

O 

ro 

O 

ro 

O 

a 

1 

a 

ro 

o 

S. AFRICA 

ro 

o 

ro 

o 

cn 

»—> 

cn 

. 

^ .1 

ro 

i—* 

ro 

i—* 

o 

i— 1 

o 

i—* 

o 

^ j 

ro 

turn—1 

ro 

t—* 

ro 


a 

ro 

O 

ro 

o 

ro 

O 

ro 

o 

to 

o 

U 

o 

a 

a 

a 

ro 

o 

S. AMERICA 


i—* 

Q 

^.A 

►—* 

,Q 

i—» 

i—> 

i—i 

o 

i—* 

ro 

IS 

i— 1 

ro 

ft-> 

cn 

ro 

O 

ro 

o 

NO 

o 

Co 

O 

NO 

o 

NO 

o 

ro 

o 

ro 

o 

ro 

o 

a 

a 

a 


ANTARCTICA 

t—* 

cn 

♦— 1 

cn 

a 

ro 

o 

ro 

O 

ro 

o 

ro 

o 

4\ 

o 


4\ 

o 

o 

o 

o 

a 

4^ 

O 

CO 

o 

CO 

o 

CO 

o 

CO 

o 

ro 

o 

a 

ro 

o 

a 

i —> 

cn 

NEW ZEALAND 

O 

i — » 

O 

t—» 

o 

ft-* 

ro 

►—* 

ro 

i — » 

ro 

NO 

o 

to 

o 

NO 

O 

NO 

o 

to 

o 

ro 

o 

ro 

IO 

ro 

ro 

o 

ro 

o 

H— 1 

cn 

9 

t—• 

ro 

)—> 1 

o 

a 

1—* 

o 

o 

i—» 

o 

OCEANIA 

AUSTRALIA 


o 

i—» 

o 

i— 1 

ro 

ro 

O 

Co 

o 

Co 

O 

Co 

O 

Lo 

O 

Co 

O 

ro 

o 

ro 

o 

ro 

o 

ro 

o 

ro 

O 

ro 

o 


1211 

t— 1 

o 

1—* 

o 

a 

1— * 

o 

a 

1 — 1 

o 

JAPAN 

cn 

a 

ro 

o 

ro 

o 

ro 

O 

ro 

o 

Co 

o 

Lo 

o 

Uj 

O 

Co 

o 

ro 

o 

ro 

O 

ro 

o 

Co 

o 

Co 

o 

Co 

o 

ro 

O 

ro 

o 

ro 

o 

ro 

o 


a 

a 

1— * 

cn 


a> 

8 

U1 

8 

* 

8 

M 

8 

_i 

ft* 

8 

i 

ro 

6 

o 

b 

o 

——.i 

b 

8 

to 

8 

00 

8 

8 

OS 

8 

cn 

8 

8 

0J 

8 

ro 

8 


ro 

8 

i 

9 

L§_ 

9 

8 

00 

8 

"4 

8 

o 

o 

-t, 



8 

m 

8 

cn 

8 

8 

C«) 

8 

ft} 

8 

8 

ro 

8 

i 

0001 | 

LO 

8 

OD 

8 

'Nl 

8 

Os 

8 

n 

8 

i— 

* 

8 

CJ 

8 

K> 

8 

8 

9 

8 

■4 

i 

o 

8 

to 

8 

I 

EDT 

ASIA 

FAR EAST 

ro 

ro 

a 

a 

a 

ro 

O 

ro 

o 

ro 

o 

ro 

o 

a 


1 rTTr i 

cn 

EE 

9 

ro 

o 

ro 

O 

NJ 

o 

Nj 

O 

NJ 

o 

Nj i 
O 

a 


a 

ro 

o 

\ Z 

X m 

1 m rn 

cn 

/ ™ m 

JO 

«-</, z 

v » w 

t* 

/\ 

EUROPE 

ro 

Q 

ro 

o 

ro 

o 

ro 

o 

o* 

t— 1 

cn 


cn 

t— 1 

cn 

ro 

o* 

ro 

o 

ro 

O 

ro 

o 

ro 

o 

ro 

o 

ro 

o 

Co 

o 

Co 

O 

Co 

O 

Co 

o 

a 

a 

ro 

o 

ro 

o 

S. AFRICA 

ro 

o 

ro 

O 


a 

t —» 

ro 

ro 


t—* 

o 

h-» 

o 

i — » 

o 

t—* 

ro 

i—* 

ro 

i— 1 

ro 

a 

ro 

CJ 

ro 

o 

ro 

o 

ro 

CJ 

Nj 

O 

Co 

o 

lo 

NJ 

O 

a 

ro 

CARIBBEAN 

S. AMERICA 

1 — 1 

o 

o 

i—* 

i — 1 

o 

1—* 

o 

o 

o 

o 

ro 

ro 

ro 

t — * 

cn 

ro 

o 

Nj 

O 

Co 

o 

nj 

o 

nj 

O 

ro 

O 

ro 

o 

ro 

O 

a 

a 


a 

ANTARCTICA 

ro 

O 

ro 

O 

ro 

o 

ro 

o 

ro 

O 

ro 

o 

ro 

O 

o 

o 

O 

o 

4^ 

O 

4^ 

O 

a 

-p* 

O 

o 

CO 

O 

CO 

o 

co 

o 

CO 

o 


a 

a 

ro 

o 

NEW ZEALAND 

i—* 

o 

»—* 

o 

t—* 

i—> 

o 

»— 1 

ro 

i — > 

cn 

ro 

o 

Nj 

O 

NJ 

o 

NJ 

o 

Nj 

O 

ro 

o 

ro 

o 

ro 

o 

ro 

o 

ro 

o 

ro 

°* 

h-* 

cn 

ft-* 

ro 

a 

a 

a 

a 

i—* 

o 

OCEANIA 

AUSTRALIA 

1—* 

o 

o 

t— 1 

o 

l—‘ 

ro 

a 

Co 

O 

Co 

O 

Lj 

o 

Uj 

O 

LO 

o 

ro 

o 

ro 

o 

ro 

o 

ro 

O 

ro 

O 

ro 

o 

ro 

o 

»—• 

cn 

\ — * 

ro 

>—* 

ro 

a 

a 

9 

1 — 1 

o 

JAPAN 

_ 

1 —• 

cn 

1— * 
cn 

ro 

o 

ro 

o 

ro 

O 

ro 

O 

Cj 

O 

Co 

O 

Cj 

O 

NJ 

o 

ro 

o 

ro 

O 

ro 

o 

n 

ro 

O 

NJ 

o 

NO 

o 

_ 

ro 

o 

ro 

O 

ro 

O 


a 


1 —> 

cn 

_ 


The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during “normal" hours, 
"Look at next higher band for possible opemngs. 
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Twenty , thirty, and forty meters are 
both day and night bands. Twenty 
meters is the maximum usable band 
for DX in the northern directions these 
days during the daytime; it then teams 
up with 30 meters to extend this cover¬ 
age into evenings. Forty meters be¬ 
comes the main over-the pole DX 
daytime band, with some hours cov¬ 
ered by 30. 

Eighty and one-sixty meters, the 
night only DX bands, will exhibit short- 
skip propagation during daylight 
hours, then lengthen for DX at dusk. 
These bands follow the darkness path, 
opening to the east just before your 
sunset, swinging more to the north- 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. Eighty is the maximum 
usable band for some night hours now 
during the sunspot minimum part of 
the cycle; consequently, signal 
strength quality can be expected to im¬ 
prove. Remember the DX windows of 
3790-3800, 1825-1830, and 1850 1855. 
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TRANSCEIVER 


INPUT 
PIN DIODE 
SWITCH 


1500 WATT 
AMPLIFIER 


TO 

ANTENNA 


OUTPUT 
PIN DIODE 
SWITCH 


the DEO QSK-1500 

When I was a Novice back in the 1960s, my 
club station had a Johnson Ranger I, a Hammar- 
lund HQ-120, and a Johnson TR switch. I spent 
hours on the air and really enjoyed being able 
to work full break-in C W. I got spoiled in that first 
year of being a ham, not having to listen to the 
clunking of relays and switches. 

Since then I've dreamed of operating break- 
in CW again. Until recently, however, I never had 
a fully QSK-compatible radio. When I finally ac¬ 
quired one of the new do-it-all-but-burp-the-baby 
radios, QSK was once again possible. But I 
couldn't operate high power QSK. What to do? 
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fig. 1. Block diagram of QSK-1500. 
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fig. 2. Schematic of RF switching section of QSK-1500. 
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QSK — what is it? 

Basically stated, QSK is the ability to hear 
between the dots and dashes while transmitting 
a CW signal. A number of methods can be used 
to effect QSK operation: separate transmit and 
receive antennas, a vacuum tube TR switch such 
as the Johnson mentioned above, and expen* 
stve vacuum switches. 

Each of these designs, however, presents a 
number of difficulties. Not everyone has a re¬ 
ceiver with an AGO circuit capable of operating 
in the presence of a strong rf field without "fold¬ 
ing up" or the space necessary for separate 
transmit and receive antennas. The TR switch 
had two significant problems: it created a 
tremendous amount of TVI and caused attenu¬ 
ation on the receive signal (commonly called 
"suck-out"). Vacuum switches require complex, 
precisely timed circuits to prevent "hot- 
switching" and aren't cheap to manufacture. 
Another problem was that some of these 
schemes introduced distortion onto the trans¬ 
mitted signal. 

modern technology 
to the rescue 

Several technological advances in the late 
1960s brought QSK closer to reality for the aver¬ 
age ham. Until the late 1970s, however, TEN- 
TEC was the only manufacturer to offer a QSK 
compatible radio. 

By 1980, transceiver manufacturing took a 
quantum leap forward and QSK-compatible 
radios were available from almost all radio 
manufacturers. Unfortunately, one problem re¬ 
mained; unless you owned either an Ehrhorn Al¬ 
pha 77 or 78, you couldn't operate high-power 
QSK. Several after-market, add-on QSK units 
were introduced, but they suffered many of the 
same problems as other units. 

In mid-1984, John ("Doc") Sheller, KN8Z, 
designed a solid state QSK switch that solved 
many of the problems of earlier QSK units, using 
state-of-the-art PIN diodes as rf switches. 

PIN stand for layer doping (P), intrinsic 
layer (I), pure and nd doping (N) layer. The thick¬ 
ness of the intrinsic layer determines the charac¬ 
teristics of the diode and allows the manufacturer 
to custom-design the diode for any of many 
different kinds of applications. A PIN diode is 
a solid-state device that acts like a variable resis¬ 
tor at rf frequencies. The amount of forward dc 
bias applied to the PIN diode determines the 
resistance (impedance) to rf signals. Doc's de¬ 
sign is unique in that it has no moving parts — 
no relays — and can hot-switch high power rf. 
It needs only low dc voltage biasing to control 
rf currents, and by design, doesn't introduce any 
significant waveform distortion on the transmit¬ 
ted signal. 

how it works 

A block diagram and schematic (figs. 1 and 
2) illustrate how the QSK-1500 works. The 
received signal travels from the antenna through 
the output line blocker, the receive line protec¬ 
tor, and the input receive line blocker into the 
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front end of the transceiver. This circuit coni’ 
pletely bypasses the conventional circuit path 
through (he amplifier. The receiver is prevent¬ 
ed from seeing the tank circuit of the amplifier 
by PIN diode CR2, which is reversed biased. PIN 
diodes CR3, 4, and Bare forward biased and of¬ 
fer a very low impedance path for the receive 

signal. Typical insertion loss is less than 0.5 dB. 

% 

As you might expect, the transmit path is a 
little more complicated. Keying the transmitter 
triggers the timing circuit. The amp relay line is 
grounded, keying the amplifier. The input and 
output receive line blockers CR3, 4, and 5 are 
reverse biased with 525 volts dc; input and out¬ 
put PIN diodes CR1 and 2 are forward biased. 
The key-out line is closed and keys the trans¬ 
mitter. Rf flows from the transceiver through Cl, 
CRT, and CR2 into the rf amplifier, it then flows 
through CR2, CR4, and C3 to the antenna. The 
reverse biasing of CR3, 4, and 5 prevents any 
if from passing through the receive line. As soon 
as the morse character is completed, all the PIN 
diodes reverse state and the unit is back in a re¬ 
ceive mode. PHEW! 

So that's how this thing works. When you 
think about it, it's really quite simple. (For a more 
complete explanation of PIN diodes and how 
they work, see Doc's article on PIN diodes that 
appeared in the January, 1986. issue of ham 
radio .) 

hookup and use 

Setting up the QSK-1500 requires making four 
control cables. DEO recommends that you use 
RG-58 or other shielded cable to eliminate the 
possibility of rf getting into one of the units. Line 
1 connects your key or keyer to the GSK-1500's 
timing circuit; line 2 connects your transceiver's 
amplifier control circuit to the timing circuit 
again. Line 3 connects the timing circuit back 
to the transceiver's keying line, and line 4 con¬ 
nects the timing circuit to the RF amplifier. 

Rf connections are straightforward and can 
he followed by referring to fig. 1. Now you're 
ready to run a few tests. Turn your transceiver 
on. If everything is working correctly, you should 
hear nothing. This is because the receive line 
diodes aren't "on," so there’s no receive path 
to your receiver. When you turn on the 
QSK-1500's power supply, the LEDs should light 
up; you should also hear signals. After a few 
more simple tests, you're ready to crank up the 
power and operate. 

Once testing was complete, I was excited to 
see how QSK could actually be used. Tuning the 
low end of 160, I decided to look for a Europe 
an or two; finding a fairly strong G3 calling CQ, 

I dropped my call in a couple of times, only to 
hear him start colling CO again. I stopped call¬ 
ing immediately and waited for him to complete 
his CQ. Again I called, only to have him call 
another European. Stopping again, I realized 
how much QRM could be eliminated if more 
hams operated break-in CW — no more long- 
winded responses at 5 wprn while the DX sta¬ 
tion was calling again. QSO rates would increase 
dramatically, and many more of the "deserving" 
would get through. 
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tomeasure both E^D/RFCpower In CW: 
arid FM systems simply and quickly. 

Then With a “FLIP” of a switch,iy. 

measure “PEAK POWER"in most 
orf 

Model 830QQiA features a complete se- 
lection otplug-in-elements plus a2. 

Model 830OOA an Investment Worth 
looking at,St> go ahead, take a y ' 
•«PEAK**,ryou’!l,like you seel 

f ; Cbiitridt ud for your nearest autho¬ 
rized Coaxial Dynamics representa- |. 
tiveor distributor in our w6rid-wide!'r 
:dWe$TibtWpfk^^ 

DYNAMICS, 

Mil 


15210 thdfistrlat Parkway : 

jv ;Booth MQQ-4Q11: * 1 !;iM: £■;• i:;-^ 
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DEALER 

INQUIRES 

INVITED 


ANTENNES _ , 

TOISIIMA The 



Shack 


52 Stonewyck Drive 
Belle Mead, New Jersey 08502 

IVARS - KC2PX 
MARA - SALES 



TONNA 

MON-SAT (201)874-6013 

10AM -3PM 0R0ERS 

7PM - 10PM 0R0ERS/TECHNICAL 


CALL FOR CATALOG 

^ 129 


VISA/MASTERCARD 
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GET A BIRD’S EYE VIEW 

From GrafTrak II™ and your IBM^ PC 
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(ir.itTrak N” pmvidcs realtime graphic display of a Hai projection map which moves under the selected Satcllitc/Sun/MiKJn/Stur 
coverage circle and update* once per second. Spherical projection views and graphic screen dumps to an IBM/Epsim/Oki printer 
can also In: produced Requires an IBM PC. PC/XT. PC/AT. of true compatible, an IBM Color.'Graphics Monitor Adapter or true 
compatible, 8087math coprocessor, minimum 256K RAM with 512K recommended. IXJS 2.0 or later, and either two 360K floppy 
drives or one 360K floppy and one hard drive 

SILICON KPHEMliKlS** provides tabular data output to the screen, pnnlcr. or disk Hie for the following operating modes; I 
observer to 16 satellites. 16 observers to I satellite, schedule for I observer to I satellite, window between 2 tibservers and I 
satellite, rise ami set limes for I satellite, time ordered rise and set times for 16 satellites. Almanac for Sun and Moon, 16 observers 
to Sun/Moon, schedule for I observer to Moon, window between 2 observers and Moon, schedule for J observer to Sun Requires 
either an IBM PC, PC/XT. PC/AT. of true compatible, and IBM Monochrome or IBM Cnlor/Ciraphics Monitor Adapter or tnrr 
compatible, an ophOmil K0S7 math coprocessor. 256k RAM. IXJS 2,0 or later, and one 360k floppy drive 

finch package includes SHD, an editor program to construct mid modify Satellite.'(Observer database files. I lie sc products can be 
run from a bard disk and are not copy protected 

GrafTrak II” and SILICON HPHHMLRIS” are priced at SUM.95 each or SIMM 95 fot both. Texas residents add sales tax Order 
by check, money onler. MasterCard, or VISA 

Silicon Solutions. Inc • P.O. Box 742546* Houston. Texas 77274-2546 * <7131 661-8727 ^ 
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ALL BAND TRAP 

VERTICAL ANTENNAS 


FULL 1/4th WAVE - All Bands! Auto¬ 
matic Selection with proven Hl-Q Traps. 
5 Models-ALL self supporting - Ground 
or roof mount. HEAVY Double wall 
seamless Aluminum tower section - HI 
STRENGTH FIBERGLASS TUBING 
OVER -ALL. NO WOBBLY, LUMPY 
TRAPS - NO UNSIGHTLY CLAMPS 
needed - Same size all the way up 
f 1X4" Traps hidden Inside. You can 
use It In a 1 ft. sq. Backyard) Neighbors 
will never'know this Is a Hl-Power ALL 
Direction DX Antenna. FOR APART** 
MENTS, ROW HOUSES, MOBILE 
HOMES - CONDOS etc. where min¬ 
imum Space and neat appearence is 
MANDATORY! Instant "Drive ln M ground 
mount (included), Use with or without 
radials (included) (All angle roof mount - 
Extra) COMPLETELY PRETUNED - 
NO ADJUSTMENTS NEEDED EVERl 
NO TUNER NEEDED Over All Bands 
(except 80 motor - 400 KC) SWR 1-1 
to 2-1 at Band edges, Stnd, S0239 con¬ 
necter - 52 ohm for any length RG58U 
- RG8U feedline. Matches ALL MAKES 
TRANCEIVERS. 2000 Watt PEP. 

Input powir. Shipped - PREPAID IN 
USA. Assembles In 10 min. using only 
screwdriver. WEATHERPROOF! 

No. AVT80-I0 5 Band 25*6**$199.95 
No. AVT40-10 4 Bond 18*9" $139.95 
No. AVT20-10 3 Band 11*4" $109.95 
No.AVTSO-lOW 6 Band 22* $279.95 
No. AVT40-10W 7Band15*5*‘S199.95 

SEND FULL PRICE FOR PP DEL IN 
USA (Canada , Hi, Ak, are $10.00 extra 
for postage, clerical. Customs etc.) or 
order using VISA, MASTER CARD or 
AMER EXP. Ph 1-308-236-5333 
9AM-6PM weekdays. Wo ship In 2-3 
days (per cks 14). All Antennas Guar- 
anteed tor 1 year . AVT160 
iS 123 base loading coil ----$19.95 
Bidirectional 8 Band Vertical 
\ Beam! Free Inf. 

i WESTERN ELECTRONICS 
—— Dept. AH Kearney Ne. 68847 


OPPORTUNITY 

Established ethical ten-year-old mail order business lor 
sale. Instant name/logo recognition and excellent repu¬ 
tation worldwide. Ideal for technically competent amateur 
seeking satisfying career either as substitute for present 
employment or as a retirement business. Minimum over¬ 
head expense and significant small-business tax advan¬ 
tages. Can be carried on from a home anywhere as a 
"mom and pop" closely-held corporation (as it is at 
present) or expanded to any extent desired. Combines 
present hobby with a proven source ol income—an ideal 
combination. Insignificant competition, the principal sales 
item is in constant demand worldwide (or use in all ham 
rigs, old and new. lactory-made or "home-brew". No 
manufacturing, inventory, or storage problems, the 
physically-small principal item is obtained from an as¬ 
sured source—the top-rated manufacturer ol Ihis spe¬ 
ciality in Japan, Additional opportunities to expand ap¬ 
plications and profits through R & D are limited only by 
initiative, imagination, and technical competence. 

Monthly sales averaging $10,000 for the last three years 
have provided reasonable salaries and good dividends 
because ol generous profit margins and legitimate tax 
allowances for home-office rental, pro-rata car operating 
expense, ham and office equipment depreciation, etc 
Easy ownership transfer without interruption ol cash How 
"Hand-holding" is available during transition. 

Detailed information will be sent only to those judged 
to have the best chance of success. Accordingly, serious 
inquirers should write giving biographical data including 
age. education, technical background, and experience. 
Box *198 

Greenville, NH 03048 


The only problem I've had with this unit oc¬ 
curred one evening when I was working in the 
shack and had the radio on, but the QSK unit 
off. I dropped a hammer, tripping the radio's 
VOX. Later when I sat down to operate, I turned 
the rest of the equipment on, only to find that 
the receive line through the transmit antenna was 
deadl Since I could still receive through the 
Beverages (which bypass the QSK 1500 on re¬ 
ceive), I ruled out the possibility of a radio prob¬ 
lem. A quick call to DEO solved my problem 
immediately. Doc suggested I check the receive 
line fuse lamp; sure enough, it was blown. In¬ 
serting a new lamp cured the problem quickly 
and simply. Doc did advise me, however, to al¬ 
ways make sure the QSK 1500 is turned on 
whenever the transceiver is. Without the fuse 
lamp, there's the possibility of damaging the PIN 
diodes, necessitating some fairly extensive 
repairs. 

Doc reports that contesters who have 
QSK-1500 units have been pleased with the 
results; I'm anxiously awaiting the next contest 
to see for myself. I've had a lot of fun operating 
QSK. I expect the QSK-1500 is one review unit 
I'll use for quite awhile. 

The QSK-1500 consists of a power supply and 
a control unit, The power supply measures 3 x 
6x4 inches and the control unit 3x7x9 inches. 
One bit of warning: don't place the QSK-1500 
on top of a radio, an amplifier, or any other heat- 
generating unit. The PIN diodes alone create 
plenty of heat in normal operation, and damage 
might result from improper placement. 

Priced at $299 (plus $6 shipping and handling), 
the QSK-1500 is available from either Design 
Electronics of Ohio, 4925 S. Hamilton, 
Groveport, Ohio 43125, or from Universal Elec¬ 
tronics, 1280 Aida Drive, Columbus, Ohio 43068. 

— de N1ACH 






products 


new ICOM catalog 

ICOM America, Inc., has released its new 
24-page, full product line color catalog. The new 
catalog includes all new products including the 
Micro 4AT 440 MHz handheld and the IC-275 all¬ 
mode VHF and IC-475 ail-mode UHF base 
station. 

For your copy, contact ICOM America, Inc., 
2380 116th Avenue N.E., Bellevue, Washington 
98004. 
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MULTI BAND TRAP ANTENNAS 



IC-735 Gen. Cvg. Xcvr 

$999.00 

Cans 

IC-751AGen. Cvq.Xcvr 

1649.00 

Calls 

R700Q Gen. Cvg. Rcvr. 

1099.00 

Calls 

R7lAGen. Cvg. Rcvr. 

949,00 

Cail$ 

IC-27A/H FM Mobile 25w/45w 

429/459 

Calls 

1C-28A/H FM Mobile 25w/45w 

429/459 

Call $ 

IC-37AFM Mobile 25w 

499.00 

Calls 

IC-47A 440 Mobile 25w 

549 00 

CallS 

1C-04AT UHF HT 

449.00 

CallS 

IC-48A UHF 45w 

459.00 

CallS 

IC-38A FM Mobile 25w 

459.00 

CallS 

IC-02ATFM HT 

399.00 

CallS 

IC-|i2AT Micro HT 

329 00 

CallS 


KENWOOD 



TS-940SAT Gen. Cvg, Xcvr 

S2249.95 

CallS 

TS-430S Gen, Cvg. Xcvr 

819.95 

CallS 

TS-711A All Mode Base 25w 

899.95 

CallS 

TH-751A All Mode Mobile 25w 

599.95 

CaJIS 

TM-201B FM Mobile 45w 

369.95 

CallS 

TM-2530A FM Mobile 2Sw 

429.95 

CallS 

TM-2550A FM Mobile 45w 

469.95 

CallS 

TM-2570A FM Mobile 70w 

559.95 

CallS 

TH-205 AT, NEW 2m HT 

259.95 

CallS 

TH-215A, 2m HT Has It AH 

349.95 

CallS 

TH21BT2M HT 

259.95 

CallS 

TH31BJ 220 HT 

269.95 

Cans 

TH41BT 440 HT 

269.95 

Cans 



FT 757GX 


FT-757 GX Gen Cvg. Xcvr 

995.00 

CallS 

FT-767 4 Band New 

1895.00 

CallS 

FT-270RH FM Mobile 45w 

439.95 

Cans 

FT-290R All Mode Portable 

579.95 

Cans 

FT-23 R/TT Mint HT 

299.95 

CallS 

FT-209HH RM Handheld 5w 

359.95 

CallS 

FT-726R All Mode Xcvr 

1095.95 

CallS 

FT-727R 2M/70CM HT 

479.95 

CallS 

FT2700RH 2M/70CM 25w 

599.95 

Calls 



3919 Sepulveda Blvd. 
Culver City, CA 90230 
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ALL TRAP ANTENNAS jrc flujdy to use factory asscmoitid 
Cummcfooi Quality Handle lull power Comes comp Tote 
with Qnluxo traps Deluno conier connectoi. 14 ya Stianded 
CcppcrWelfl ,tni wife and fcnd Insula lots A'jlomaK llano 
Switch my • tunet usually ntsvw requited * for all I tan soul* 
lets, Receivers & transceivers For all class amateurs • Untt 
leedime woiks an bands - insityciions included • til day 

money each guarantee 1 

SINGLE BAND DIPOLES (Kit form): 
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Includes assembly instructions, Deluxe cenlut connector, M 
ga Sir a none Cupper Wold Aoienna wire and End insulators. 

COAX CABLE: uncludes PI-2W conrtucmi on caclt endj 
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DELUXE CENTER CONNECTOR 


• nil HUS' ffsiJ'Wv 

• Mi Aitrj 

• *>U M.ny 

• Mrfi-T *r |ig’.:rvi-J A"C'.ti>‘ 

• WK LU , l'» lyirfl.i^ 

• fijr.i»y<i-'j 'Yi : pl (iNVin'inv 1 

• I j-.| i k"Yt t 'iK!'. 


DELUXE ANTENNA TRAPS: Completely soaletJ & 
wedineictrtioi -Solid crass terminals Handles Full 
Power • no jumpers NO Soldering 
lnsirutl:on$ included 
m ■ Tor -VU.ind Dipole Am 

. .F -• -Ifl/UU/tS/lO S'Jfi ao/pr 

Tor -band Uipolo Ani 
" • N> RO/4U/?0/lb/i« 

»H.00/pr 

OROER DIRECT FROM FACTORY. AW orders stuupea 1/5 
ftwfwrd ViSAkMC grve card f . fc.*b date. Signature 


SPI-RO MANUFACTURING. INC. 
Depl. 103, P.0. Box 1538 ^ 

Hendersonville, NC 28793 

Dealer Inquiries inviwd 
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products 


computer rotor 
control interface 

The most often requested new feature for sat¬ 
ellite enthusiasts is automatic control of the an¬ 
tenna pointing via a personal computer. While 
the KEN PRO KRO 5400A provides the electro¬ 
mechanical interface to the rotor motors, the ac¬ 
tual hardware interface to the computer js 
provided by the KR-010. The KR-010 consists 
of analog-to-dighal converters for both the ele¬ 
vation and azimuth channels and also provides 
the drive signal for driving the motors in the 
desired direction. An internal microcomputer 
provides the RS-232 serial capability at 9600 
Baud without handshaking 

The KR-010 attaches to the serial port of the 
computer and operates with the tracking soft¬ 
ware (available only from the AMSAT software 
exchange, not from ENCOMM or KENPRO) writ¬ 
ten for AMSAT by W3IW| and WOSL. KENPRO 
and ENCOMM provide the software needed to 
point the antenna from data entered into a basic 
program in real time. Subroutines of the auto¬ 
matic tracking program which apply to the 
KR-010/KR-5400A combination and information 
on how to install them in the WOSL package is 
supplied with the KR-010, 

The suggested retail price is $269.95. For de 
tails, contact Encomm, Inc., 1506 Capital, Piano, 
Texas 75074. 
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The QSYer - the best thing 
next to your FT-757GX 
- or your I COM IC-735! 
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Stone Mountain Engineering Co. 
Box 1573 • Stone Min., GA 30086 
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new from RF Concepts 

Ken Holladay, K6HCP, and Everett Gracey, 
WA6CBA, the co-founders of Mirage Commu¬ 
nications. have formed RF Concepts, a new 
company whose products include a state-of-the- 
art, all-mode 2-meter, 170-watt VHF amplifier 
with a GaAsFET receive pre-amp; a 450 MH 2 
100 watt UHF amplifier with a GaAsFET receive 
pre-amp; a 130-watt 220 225 MHz amplifier with 
a GaAsFET pre-amp; and a 30 watt HT ampli¬ 
fier, also with a GaAsFET receive pre-amp. Other 
products include a repeater amplifier for 440 
MH 2 , 220 MHz, and 144 MH 2 and a full-function 
repeater controller. 

On the drawing boards is a new dual-band 
amplifier, 144/440 and base station amplifiers, 
and state of-the an switching power supplies 
from 10 to 35 amps. 

For further information, contact RF Concepts. 
2000 Humboldt Street, Reno, Nevada 89509 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60$ per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 


VHS VIDEO CASSETTES $29.50 total price for a box of 10 de 
livered anywhere in continental US. Call for 24-hour order infor¬ 
mation, KB6MT (714) 990-9622 


WANTED TO BUY zip code and directory published before 1980 
publication No. 65. Bernard Fair, 19455 Houghton, Detroit, Ml 
48219. 


S.S.B. CRYSTAL FILTERS. 9.0 MHz, 2.2 kHz bandwidth, six 
pole, with data $20.00 postpaid. OEM quantity available. ICL7117 
D.V.M. I.C.'s direct drive 3-1 /2 digit LED same as 7107 plus hold, 
with data; $6.00.2/$10.00 postpaid. Dentron Scout C. A.P. trans 
ceiver, 4 MHz, 100 watts, new; $250.00. A.C.P.S. $75.00postpaid 
George Misic, 14481 Watt, Novelty, Ohio 44072, 


1 Hz Resolution frequency synthesizer. For info SASE to A & A 
Engineering, 2521 W. La Palma Avenue, UK, Anaheim, CA 92801 
(714)952-2114 I 


MANIFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


HOT/NEW PACKET PROGRAMS FOR YOUR IBM PC. Several 
telecommunications programs to choose from, especially written 
to interface your packet controller with your PC or compatible/ 
clone. Features like Full Screen, Line Screen editing, Split Screens, 
ASCII, Binary, X-Modem or user defined file transfers, DOS shell. 
Macro Keys, Command Files, many types of time/date/oper. (D. 
Multi-page brochures explain them all. Software Support. Write 
for new information and pricing. KALT & ASSOCIATES, 2440 E. 
Tudor Rd, Suite 138, Anchorage, AK 99507. (907) 248-0133. 
Charge Cards accepted. 


LEARN MORSE CODE IN 1 HOUR. Amazing new easy tech 
nique. Moneyback guarantee. $J0. Bahr, 2549K Temple, Palm 
bay. FL 32905. 


SUPERFAST MORSE CODE SUPEREASY. Subliminal cas 
sette. Moneyback guarantee. $10. Bahr, 2549H Temple, Palmbay, 
FL 32905. 


TEN-TEC now shipping new-boxed USA made latest 1987 fac 
tory models Corsair II, Century 22, Argosy II transceivers. Titan lin¬ 
ear amplifier 229 A 2kw antenna tuner plus accessories, antenna 
For the best Ten-Tec deal write or phone Bill Step (704) 524-7519, 
SLEP ELECTRONICS COMPANY, Highway 441, Otto, NC28763 


WANTED Schematic for Bearcat 100 Electra, Model BC-100 Scan¬ 
ner Please contact Ralph E. Smith, 857 Rougemont, St. Foy. 
Quebec City, Canada. 


HEATH Deluxe antenna tuner Model SA2060 —a beauty best 
offer. (401) 789-1817 FOB. 


CHASSIS, CABINET KITS. SASE. K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 


COLLINS KWM-380. Fully updated. Excellent condition. Full 
service manual. Writeor call. W3IRE, 9436 Howes Road, Dunkirk, 
MD20754. (301)257-3041. 


BACK ISSUES OF HAM RADIO Magazine from March 1968 to 
June 1974. Complete your collection. Individual issues $4.00 each. 
KX9P (319) 377-3563. 


IBM/APPLECOMPUTER program "Hamlog18 modules logs 
auto-sorts 7-band WAS/DXCC. Fullfeature. Also CP/M. Apple 
$ 19.95,1 BM $24.95. HR-K A 1 AWH, PB 2015, Peabody, MA 01960. 


LO COST Sensitive-Selective HF receiver system. Ideal/Isi 
station set. Enhanced Novice 10/T5/40/80m coverage. Send 2 
stamps for free info. I. Megeff, KD2EF.729 Lori Drive #101, Palm 
Springs, FL 33461. 


HOMEBREW PROJECTS LIST SASE WB2EUF, Box 708, East 
Hampton, NY 11937. 


FOR SALE: Tower. Rotator, Antenna Package —Tri-Ex W-67 
Tower, motorized extension from 22' (nested) to 67' plus mast 
height. Hand winch operated tilt-over feature. CDE Ham III Rota¬ 
tor. Wilson DB-33 (10/15meter beam). Cushcraft 20 meter beam. 
Very good condition. Package price $1250 firm. W A1USO, Fred 
Moller, Old Fitzwilliam Rd, Jaffrey, NH 03452. (603) 532-7635. 


HOBBY, EDUCATIONAL, INDUSTRIAL PRODUCTS. 70 kits 
Amplifier, FM transistor, VU meter, doorbell, alarm system, power 
supply. Send $3.00 to HOBBY ELECTRONIC, PO Box 1339, 
Claremont, NH 03743 or call (603) 543-0033. 

COLLECTORS: Have Karl Pierson KP-81 communications 
receiver for sale. Complete system- receiver, speaker cabinet and 
book. Open to offers. Cal, KL7HEM, 10300 Silver Knolls, Reno, 
NV 89506, 


PERFORATED ENCLOSURES 17 x 8.5 x 7.5 deep with grey paint 
and 17 x 8,5 x 11 deep with iridite finish. Unpainted blank front 
panel. Approximately 50 each, $10 and $15 respectively. Quantity 
discount available. Don Reed, K0IFO, 911 North Lynn, Indepen¬ 
dence, MO 64050. (816) 252-9436 


DISCOVER “THE RADIO WORKS” . See what we are doing with 
high performance HF.and VHF antennas, parts, and accessories. 
Unusual 48 page discount catalog. 22 cents SASE. The RADIO 
WORKS, HRAPR, Box 6159, Portsmouth, VA 23703 (804) 
484-0140. 


R-390A RECEIVER: $195 check; $115 reparable. Parts, tubes, 
sections. Info SASE. Mint military spec pull-out 12AT7, 6AG5: 
$15/dozen. CPRC-26six meter transceiver (see Ham Radio, March 
1985) $17.50 apiece, $32.50 pair (add $4.50/unit shipping). 
Baytronics, Box 591, Sandusky, OH 44870. (419) 627-0460 
evenings. 
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Ham Radio France 
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Ham Radio Germany 
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IBM-PC RTTY/CW. New CompRtty II is the complete RTTY /CW 
program for IBM-PC's and compatibles. Now with larger buffers, 
better support for pack et units, pictures, much more. Virtu ally any 
speed ASCII, BAUDOT, CW. Text entry via built-in screen editor! 
Adjustable spi it screen display. Instant mode/speed change. Hard¬ 
copy, diskcopy, break-in buffer, select calling, text file transfer, 
customizable full screen logging, 24 programmable 1000 charac¬ 
ter messages. Ideal for MARS and traffic handling. Requires 256k 
PC or AT compatible, serial port, RS-232C TU. $65. Send call let¬ 
ters (including MARS) with order, David A. Rice, KC2HO, 25 Vil¬ 
lage View Bluff, Ballston Lake, NY 12019. 


TRS80 4P/KANTRONICS UTU RTTY. Split-screen, 10 user 
keys, file transfer. Runs «n Mod 4 (80 char) mode. $30 to COM- 
MPRO RTTY, c/o KB6IC, 3711 Gayle Avenue, Omaha, NE68123, 


COMPUTERS COMMODORE 64 and XT repair ABS (201) 
758-6673. 

CODE PROGRAMS. Apple/C-64. 31 modes, graphics, menus, 
wordprocessor. etc. LARESCO, POB2018,1200 Ring Road, Calu¬ 
met City, IL 60409. (312) 891 3279. 


SOLAR ELECTRIC PANELS and System Components. 1st qual¬ 
ity for home or repeaters. Lowest prices tn country. KA8DSS, 
RADIANT DISTRIBUTORS, 3900 Dursum, Ada, Ml49301. (616) 
874-8899. 


WA9GFR RF SOFTWARE $15.00 disk contains 
HF/VHF/UNF/L-BAND propagation and Smith Chart impedance 
matching programs. Specify Commodore-64 or MS-DOS BASIC 
Lynn Gerig, &17 Morgan RD, Monroeville, IN 46773. 


REMEMBER TROLLEY CARS? Trolley Treasures; The Wartime 
Years in New Jersey (1939-1947), a 4-volume photodocumentary 
history, includes 1600 unpublished, original photographs plus ex¬ 
tensive historical notes. Volume I, The Compromise Roof Cars of 
Pubiic Service Coordinated Transport, ready now. SASE for de 
tails. To order, contact Trolley Themes, A.W. Mankoff, 2237-3 
Woodsidelane, Sacramento, CA 95825. ($14.95 plus $1.50 S&H). 


UHF PARTS. Ga As Fets, MMICs, trimmers, chip caps, teflon pcb, 
and other builder parts. SASE brings list. MICROWAVE COMPO¬ 
NENTS, 11216 Cape Cod, Taylor, Ml 48180. 


$$$$$SUPER SAVINGS on electronic parts, components, sup¬ 
plies and computer accessories. Free 40-page catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Box 830119, Richard¬ 
son, TX 75083 or call (214)690-1102. 


SHOW IT IN STYLE Full color QSL's by Smith Printing. From your 
prints/slides. Sample packet. SASE. 20420 Calhaven Drive, 
Saugus, CA 91350 1805) 251 -7211. 


WANTED: For Drake 4C the noise blanker 4NB (dead or altvel. H. 
Schroefer, Dorfstr. 14, 3131 Gollau/Luechow, West Germany. 


ANTIQUE RADIOS, 

-schematics, tubes and literature. Send SASE to 

VRS (HR), 376 Cllley Rd, Manchester, NH 03103 for large list. 


HAM MONITOR SCOPE Millen 90932 $85, audio signal generator 
HP200-CD $125, Precision E 200-C AM/FM signal generator $45, 
Yaesu FRG-7 general coverage receiver $125, Johnson phone 
patch $25, trade for TR-9000. K6KZT, 2255 Alexander, Los Osos, 
CA 93402 


YAESU OWNERS: Hundredsof modifications and improvements 
for your rig. Select the best from fourteen years of genuine top- 
rated Fox-Tango Newsletters by using our new 32-page Cumula¬ 
tive Index. Only $5 postpaid (casborcbeck) with $4 Rebate Cer¬ 
tificate creditable toward Newsletter purchases. Includes famous 
Fox-Tango Filter and Accessories Lists, Milt Lowens, N4ML 
(Editor). Box 15944, W. Palm Beach, FL33416. Telephone (305) 
683 9587. 


RTTY JOURNAL —Nowin our 35th year. Join the circle of RTTY 
friends from all over the world. Year's subscription to RTTY 
JOURNAL, $10.00. foreign $15.00. Send to: RTTY JOURNAL, 
9085 La Casita Ave., Fountain Valley, CA 92708, 


IMRA International Mission Radio Association helps missionaries. 
Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM Eastern. 
Eight hundred Amateurs in 40 countries. Brother Frey, 1 Pryer 
Manor Road, Larchmont. New York 10538. 


RUBBER STAMPS: 3lines $4.50 PPD. Sendcheck or MO to G.L. 
Pierce, 5521 BirkdaleWay, San Diego, CA92117. SASEbringsin¬ 
formation. 


ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. DAILY 
ELECTRONICS, PO Box 5029, Compton, CA 90224 (213) 
774 1255. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering in¬ 
formation. HEIN SPECIALTIES, Inc., Dept 301,4202 N. Drake, 
Chicago, (L 60618. 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 


COMING EVENTS 

Activities — “Places to go...” 

SPECIAL REQUEST TO ALL AMATEUR RAOIO PUBLICITY 
COORDINATORS: Please indicate in your announcements 
whether or not your Hamfest location, classes, exams, meetings, 
flea markets, etc., are wheelchair accessible. This information 
would be greatly appreciated by our brother/ sister hams with limit¬ 
ed physical ability. 


MICHIGAN: April 5. The South Eastern Michigan Amateur Radio 
Association's 29th annual Hamfest Swap and Shop, 8 AM to 3 PM, 
Grosse Pointe North High School, 707 Vernier Road, Gross Pointe 
Woods, ARRL, DX and Packet forums. Tickets $1.00 advance; 
$3.00 at the door. Tables $8.00 advance; $10.00 at the door, Talk 
in on S EM ARA repeater 147.70/10 and 146.52 simplex. For infor¬ 
mation; SEMARA Hamfest, PO Box 646, St. Clair Shores, Ml 
48080 or phone Fred Lweis, NK8M (313) 881 -0187. 

MINNESOTA: April 4.10th annual Rochester Area Hamfest spon¬ 
sored by the Rochester ARC, John Adams Junior High School, 
1525 NW 31st Street, Rochester. Doorsopen8;30 AM. Largeflea 
market, speakers, programs, refreshments and plenty ot tree park¬ 
ing. Talk in on 146.22/82. W0MXW. For further information con¬ 
tact; RARC c/o WB0YEE, 2253 Nordic Ct. NW, Rochester, MN 
55901. 


NEW JERSEY area Chaverim, an organization of Jewish Ama¬ 
teur radio operators completing its 4th successful year, invites all 
hams and those interested in Amateur Radio to join, particularly 
those in Monmouth and Ocean counties of NJ. We meet the first 
Sunday of the month in the Jewish Community Center, Grant 
Avenue, Deal. Write POB 192, West Long Branch, NJ 07764. 


OHIO: April 24, 25, 28. DAYTON HAMVENTION. 


The Dayton Amateur Radio Association is now accepting 
applications for its 1987 Scholarship Program. Any licensed 
Amateur graduating from high school in 1987 is eligible to enter. 
For information and application forms write DARA Scholarship 
Committee, 317 Ernst Avenue, Dayton, Ohio 45405. 


OHIO: April 24. The 18th annual B*A*S*H* will be held on 
FRIDAY NIGHT of the Hamvention, at the Conference Center 
(Madison Room) of the HARA ARENA AND CONFERENCE 
CENTER, (the same location as the Hamvention) starting at 7:00 
PM. There is no admission charge, and free continuous entertain¬ 
ment. Hot dinner, sandwichs, snacks and beverages are available. 
Two exciting top awards, and many others. Stay right at HARA 
when the Hamvention closes on Friday evening and meet your 
friends and join us for an evening of fun and entertainment. Spon¬ 
sored by the Miami Valley FM Association, PO Box 263, Dayton, 
Ohio 45401 


OHIO: April 24. The Dayton-Cincinnati Chapter 9 of the QCWA 
announces the 1987 QCWA Banquet, Friday night of the Dayton 
Hamvention. Neil's Heritage House in Dayton. COD bar at 6:30; 
dinner at 7:30. Tickets $13.00 each. Contact Bob Dingle, KA4LAU, 
657 Dell Ridge Drive, Dayton, Ohio45429. QCWA membership is 
not required to attend. 
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NEW JERSEY: May 9. The Cherryville Repeater Association's 
annual Hamfest, Hunterdon Central High School, Flemington. 8 
AMto4PM. I ndoor tables plus tailgating. FCC exams, forums dis¬ 
plays and more. Talk in on 146.52, 147.975/ .375. For further in¬ 
formation or reservations call Bill Inkrote, K2NJ (201 > 788 4080or 
Don Mazak, NR2H (201I 782-1114. 

COLORADO: June 20. The Grand Mesa Repeater Society will 
hold its8th annual Western Slope Amateur Radio and Computer 
Swapfest, 9 AM to 4 PM, National Guard Armory, 482-28 Road, 
Grand Junction. Free admission. Swap tables $5.00 each. Indoor 
swapfest, Amateur Radio exams, auction and refreshments. Talk 
in on 146.22/ .82 and 449.20. For tables or information SASEto Les 
Scott, NV0F, 2105 Yellowstone Rd, Grand Junction, CQ81503or 
call (303) 242-5296. 


CALIFORNIA: May 1,2, and 3: The Fresno Amateur Radio Club 
will hold its45th annual Hamfest, Fresno Airport Holiday Inn. Air 
conditioned dealer spaces and swap tables. FCC exams. Good pro¬ 
grams and parking. Demonstrations and forums. Talk in on 
146.34-94. For information: GlenT. Caine, Fresno ARC, PO Box 
783, Fresno, CA 93712 or (209)292-4611 


INDIANA: April 4. The4th annual Columbus Amateur Radio Club 
Swapfest, Bartholomew County Fairgrounds in Columbus 8 AM 
to5PM. FCCtesting. Advance setup Friday, April 3 with overnite 
security provided. Free parking. Talk in on 146.790and444.950. 
For information: Dave Mann, KA9UUP, 458N Country Club Rd, 
Columbus. IN 47201 (812)342-6302 


NEW YORK: May 3. The Suffolk County Radio Club's indoor/out¬ 
door flea market, 8 AM to 2 PM, Republic Lodge No. 1987, 585 
Broadhollow Road, Rt, 110, Melville, L.l. General admission $3.00. 
Spouse and kids under 12 free. Indoor tables $10. each. Outdoor 
spaces $7.00 each Includes one free admission. Talk in on 
144.61/145.21 and 146.52 simplex. For information: Bill Sullivan, 
N2ETG (516) 689-9871 evenings. 


TENNESSEE: April 5. The Clarksville Amateur Transmitting 
Society is sponsoring their annual Swapfest, National Guard 
Armory, Hwy 41 A, Clarksville. Tables $5.00 each. Free admission. 
Talk in on 146.52 or 146.805 .600 or packet 145.03. For tables or 
information call WD4DBJ, Larry, (615) 232-6141. 


NEW JERSEY : May 3. The Tri-County Radio Association's annual 
Indoor Hamfest/Flea Market, Passaic Township Community 
Center, Stirling. 9 AM to 3 PM. Donations $3.00. Tables $8.00; 
w/power $10.00. Reserved tailgating. Refreshments. Talk in on 
147.855/.255,146.52 and 444.975/449.975. For information: Dick 
Franklin, W2EUF, POB 182, Westfield, NJ 07090. (201)232-5955. 

ARKANSAS: May 2. The Northwest Arkansas ARC will hold its 
7th annual Hamfest, Rogers Youth Center, 315 West Olive Street, 
Rogers. 8 AM to 4 PM. Doors open 6 AM for exhibitors. General 
admission and parking free. Nearby recreational areas and park 
ingforRV'sandcampers. Talkinon 16/76or03/63. Forinforma 
tion: Roy Midiren, AF5W, 2014 S. 16th Street. Rogers, Afl 72756 
(501)636-6750. 


VIRGINIA: May 3. The Lynchburg ARC will hold its annual Swap¬ 
fest, Brookville High School grounds. Route 460 West, just out¬ 
side Lynchburg. Rain or shine. Starts 9 AM. Admission $1.00. 
Tailgaters pay general admission plus $2.00. VE exams beginning 
1 PM. Please pre-register. For more information write Lynchburg 
ARC, PO Box 4242, Lynchburg, VA 24502. 


OKLAHOMA: April5. The Great PlainsARC'sSth annual North¬ 
west Oklahoma Eyeball and Swapmeet, Mooreland, starting9 AM. 
Admission $2.00. Dealer and swap tables available at no charge. 
Covered dish dinner at noon. Local airport, VE tests Saturday, April 
4. Campsites available. Talk in on 147.72/12,146.13/73and 146.52 
simplex. For informat ion write Gerald Bowman, WG5Z,. Box 356 
Mooreland, OK 73852 or call (405)994-5600. 

MINNESOTA: April 4. The 10th annual Rochester Area Hamfest, 
sponsored by the Rochester ARC, John Adams Junior High 
School, 1525 NW 31 st Street, Rochester. Doors open 8:30 AM. 
Admission $2.50 advance, $3.00 at the door. Spouse and har¬ 
monics free admission. Tables $8.00. Selling space $4.00, bring 
own tables. License exams. Walk-ins only. Talk in on 146.22/82, 
W0MXW. For information and advance tickets: RARC c/o 
WB0YEE, 2253 Nordic Ct NW, Rochester, MN 55901. 

RHODE ISLAND: f^ay 16. The Rl Amateur FM Repeater Service 
will hold their annual Spring Flea Market and Auction, American 
Legion Fairmount Post 85, 870 River Street, Woonsocket. Flea 
market opens 9 AM and spaces are $5.00 each. Auction from noon 
to 5 PM. Free admission. Food and beverages available. Talk in on 
34/94 and 52 simplex. For information: Rick Fairweather, K1KYI, 
Box 591, Harrisville, Rl 02830 or call (401! 56,8-0566, 7-9 PM. 


MASSACHUSETTS: April25. The Montachusett ARA will hold 
afleamarket, Knights of Columbus Hall, Electric Avenue. 9:30to 
3 PM. Doors open8 AM for sellers. Admission $1.00. Tables$8.00. 
Refreshments available. Talk in on 144.85/145.45and 52. For reser¬ 
vations send check payable to MARA,c/o James Beauregard, 7 
Mountain Avenue, Fitchburg, MA 01420. 


SOUTH CAROLINA: May 2 and 3. The Blue Ridge Amateur Radio 
Society’s 48th annual Greenville Hamfest and Electronic Flea 
Market, American Legion Fairgrounds, Greenville. Saturday 8 AM 
to 5 PM. Sunday 8 AM to 3 PM. Admission $3.50 advance and 
$5.00 at gate Indoor/outdoor flea market, license exams, free 
parking, food. For tickets or information SASEto Blue Ridge ARA, 
PO Box 6751, Greenville, SC 29606. 


NEW HAMPSHIRE: May 9. New England's favorite - The Hoss- 
traders Spring Tailgate Swapfest, Deerfield Fairgrounds. Admis 
sion $2.00 per person including sellers and commercial dealers. 
Friday night camping at nominal fee only after 4 PM. Profits bene 
fit Shriners’ Burns Hospital. Last year's gift over $13,500! For map. 
SASE to WA1IVB, RFD Box 57, West Baldwin. ME 04091. 


PENNSYLVANIA: May 3. The Delaware County ARA is sponsor¬ 
ing their 8th annual Hamfest, Drexel Hill Middle School, State Road 
and Penn Avenue, Drexel Hill. Doors open 8 AM. Setup7 AM. Ad¬ 
mission $3. Reserved indoor tables/elec, available for $3.00 per 
space. License Qxams. Refreshments available. Talk in on 
147.96/36,224.5 and 146.52. For registration and information write 


Hamfest, DCARA, PO Bkox 236, Springfield, PA 19064 or call 
Barbara, N3DLG (215) 535-1616. 

ONTARIO: April 11.1 he6th annual Durham Region Flea Market 
sponsored by the South Pickering ARC. Pickering High School, 
Church Street N., Pickering Village, Ajax. Admission $3 00. Child¬ 
ren under 12 free. Tables $6.00 each plus admission. For informa¬ 
tion, VE3DAX (416)683-7562; VE3NBE (416) 839-9208; VE3JPP 
(416)282 3983. 


WEST VIRGINIA: Aprils. Charleston WV Area Hamfest and Com 
puterShowin Charleston Civic Center. 8 AM to 5 PM. Admission 
$4.00. Forums, SSTV, Packet, Flea Market and Swap Tables. 
Computer demos, ARRL booth. Talk in on 6.28/6.88. For infor 
mation: Ollis Rinehart, KA8TIK, 1258 Rrdge Drive, South 
Carleston, wV 25303. (304) 768-9534. 


WISCONSIN: May 2. The Ozaukee Radio Club will sponsor its8th 
annual Cedarburg Swapfest, Circle B Recreation Center, Highway 
60 and County I, Cedarburg. 8 Am to 1 PM. Admission $2.00 
advance, $3.00 at the door. 4'tables $3.00 each. Food and refresh¬ 
ments available. For tickets, reservations or information SASEto 
1987 ORC Swapfest, 101 E. Clay Street, Saukvrlle, Wl 53080 or 
phone (414) 284 3271. 


TEXAS: April 18. The Austin ARC's Spring Swapfest, Mancha- 
ca Fire Station on FM1626. Open 7 AM. Free ad mission and park¬ 
ing. Tables $2.00. Talk in on 146.18/ .78 For info: Dave Harper, 
WD5N. 109 W. 38, Austin, TX 78705. Tel (512) 454 9205evenings. 


NEW JERSEY May 17. The Bergen County ARA is sponsoring its 
Spring Hamfest, Bergen Community College, 400 Paramus Road, 
Paramus. 8 to 4 PM. Rain or shine. Buyers free. Sellers $5 per 
space, tailgate only, license exams. Talk in on 146.19/79 and .520 
simplex. Forfurther information: Jim, KK2U (201! 445-2855, 444 
Berkshire Rd, Ridgewood, NJ 07450. 

WISCONSIN: April 5 The Madison Area Repeater Association, 
(M A R.A.) is please toannounceits 15th annual Madison Swap¬ 
fest, Dane County Exposition Center Forum Building, Madison. 
Doors open 7:30 A M1 or flea market sellers a nd 8 AM for the ge neral 
public. An all-you-can-eat pancake bareakfast available at the 
Swapfest. Admission $2.50 advance and $3.00at the door. Child¬ 
ren twelve and under admitted free. Flea market tables $5.00 
each/advance and $6.00/door plus admission. The deadline for 
tickets and table reservations is March 31,1987. For tickets, tables 
or information write M. A. R. A., PO Box 3403, Madison, Wl53704 
or call (608) 274-5153 day or night. 


OPERATING EVENTS 

“Things to do.. 

April 25. The Great River ARC of Dubuque, Iowa will operate 
N9GB Y from 1600Z to 2300Z at the site of the annual Boy Scouts 
of America Grant Pilgrimage in Galena, Illinois. For a QSL card 
SASE to N9GBY, PO Box 141, Galena, IL 61036. 


April 11. The St. Charles ARC will operate WB0HSI from 1400Z 
to 220QZ to celebrate its 15th anniversary near its original meeting 
site in St. Charles, MO. For certificates SASE to St. Charles ARC, 
PO Box 1429, St. Charles, MO 63302. 


April 10,11,12. The Lanierland ARC will oeprate W4IKR 1400Z 
to 2200Z each day. f o honor the 50th anniversary of the comple¬ 
tion of the Applachian trail, the2000 mile hiking trail from Springer 
Mt. in Georgia to Mt, Katahdin in Maine. For commemorative cer¬ 
tificate send QSL and 9x12 SASE (39 cents) to Lanierland ARC, 
PO Box 2182, Gainesville, GA 30503, 


THE FOUNDATION FOR AMATEUR RADIO, INC. plans to 
award 26 scholarships for academic year 1987 88 to assist licensed 
Radio Amateurs who plan to pursue a full-time course of studies 
beyond high school and are enrolled or have been accepted by an 
accredited university, college or technical school. For further in¬ 
formation write FAR Scholarships, 6903 Rhode Island Avenue, 
College Park, MD 20740 prior to May 31, 1987. 

ARMED FORCES DAY 1987 May 16 The 38th annua) Armed 
Forces Day Communication Test. Traditional military-to-Amateur 
cross band operation and broadcast of the Secretary of Defense 
message are the featured highlights and include operations in CW, 
SSB and RTTY. 


CHARGE 
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TRANSISTORS 

-—— 

2-30 MHz 12V(* -28V) 


P/N 

Rating 

Nat Ea. 

Match Pr. 

MRF412./A 

SOW 

$18.00 

$45.00 

MRF421 

O 100W 

22.50 

51.00 

MRF422* 

150W 

38.00 

82.00 

MRF426./A* 

25W 

18.00 

42.00 

MRF433 

12.5W 

12.00 

30.00 

MRF449./A 

Q 30W 

12.50 

30.00 

MRF450JA 

0 50W 

14.00 

31.00 

MRF453,/A 

O 60W 

15.00 

35.00 

MRF454,/A 

Q SOW 

15.00 

34.00 

MRF455./A 

Q SOW 

12.00 

26.00 

MRF456 

80W 

2000 

46.00 

MRF475 

12W 

3.00 

9.00 

MRF476 

3W 

2.75 

8.00 

MRF477 

40W 

11.00 

25.00 

MRF479 

15W 

10.00 

23.00 

MRF485* 

15W 

6.00 

15,00 

MRF492 

O 90W 

16.75 

37.50 

SRF2072 

Q 65W 

13.00 

30.00 

SRF3682 

O 110W 

25.00 

54.00 

SRF3775 

Q 75W 

14.00 

32.00 

SRF3795 

Q SOW 

16.50 

37.00 

3800 

Q 100W 

18.75 

41.00 

2SC2290 

sow 

19.75 

45.50 

2SC2879 

Q 100W 

25.00 

56.00 

O = Salactad High Gain Matched Quads Available 


VHF/UHF TRANSISTORS 


Rating MHz 

Nat Ea. 

Match Pr. 

MRF224 

40W 136-174 

13.50 

32.00 

MRF237 

4W 136-174 

3.00 

— 

MRF238 

30W 136-174 

13.00 

30.00 

MRF239 

SOW 136-174 

15.00 

35.00 

MRF240./A 

40W 136-174 

18.00 

41.00 

MRF246 

SOW 136-174 

28.00 

65.00 

MRF247 

75W 136-174 

27.00 

63.00 

MRF807 1.75W 136-174 

3.00 

— 

MRF641 

15W 407-512 

22.00 

49,00 

MRF644 

26W 407-512 

24.00 

54.00 

MRF646 

40W 407-512 

26.50 

59.00 

MRF648 

SOW 407-512 

33.00 

69.00 

SD1441 150W 136-174 

74.50 

170.00 

SD1447 100W 136-174 

32.50 

78.00 

2N5591 

25W 136-174 

13.50 

34.00 

2N8080 

4W 136-174 

7.75 

— 

2N8081 

15W 138-174 

9.00 

— 

2N6062 

25W 138*174 

10.50 

— 

2N6083 

30W 136-174 

11.50 

24.00 

2N6084 

40W 136-174 

13.00 

31.00 

MISC. TRANSISTORS * MODULES 


MRF134 

$18.00 

MRF497 

14.25 

MRF136 

21.00 

2N1522 

10.50 

MRF138Y 

70.00 

2 N3666 

1.25 

MRF137 

24.00 

2N4048 

10.50 

MRF138 

35.00 

2N4427 

1.25 

MRF140 

89.50 

2N5590 

10.00 

MRF148 

35.00 

2N5642 

13.75 

MRF150 

89.50 

2NS643 

15.00 

MRF172 

62.00 

2N5646 

18.00 

MRF174 

80.00 

2N5945 

10.00 

MRF208 

11.50 

2NS946 

13.00 

MRF212 

16.00 

2SC2097 

29.50 

MRF221 

10.00 

2SC2237 

13.50 

MRF260 

7.00 

2SC1969 

3.00 

MRF261 

9.00 

SI 0-12 

13.50 

MRF262 
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it used to be 


It used to be one of the major considerations in planning any antenna installation. After the 
wish list (“How many?" "What kind?" “How high?“ “What bands?") was complete, reality entered 
the picture, raising such questions as “Can I really afford all this?" and “What kind of reception 
will I get?" This latter question often had less to do with performance and more to do with worry¬ 
ing about what the neighbors — and the zoning board — would say. 

Radio Amateurs nationwide breathed (or should have breathed) a collective sigh of relief on 
February 12, 1987, when the courageous and persistent John Themes, WM4T — who had taken 
on, at considerable personal expense, the city of Lakeside Park, Kentucky — won his case. In 
April, 1982, John had filed an application with the city zoning administrator for permission to 
erect a tower which was to include a triband beam at 70 feet and a two-element, 40-meter beam 
at 78 feet. (The specifics are important.) He was told, in effect, that the city's zoning regulations 


excluded all antenna towers. His application was rejected. 

The details can be found in all the major Amateur Radio news reports (HR's Presstop, The 
W5YI Report, The Westlink Report, and The ARRL Letter) and in the other ham magazines, but 
basically what happened is that John took his struggle right on up to the Federal Appeals Court. 
And on February 12, the city of Lakeside Park agreed to sign a full consent judgment. What this 
meant to him was that he could now install his tower, his antennas, and his guy lines. There 
was a compromise — instead of a total height of 78 feet, he had to “settle" for 73 feet overall. 
(I believe I read that 73 feet would have been acceptable to John at the very beginning, before 


the city turned him down for any height at all.) 

The significance of this case isn't that one Radio Amateur won his own personal antenna battle, 
but that we all did. . . because this was the first time that Memorandum Opinion and Order FCC 
85-506, better known as PRB-1, was tested and supported in the higher courts. In its initial reso¬ 
lution, the Commission had declared that “local regulations which involve placement, screening 
or height of antennas based on health, safety or aesthetic considerations must reasonably ac¬ 


comodate amateur communications and represent the minimum practicable regulation to accomp¬ 
lish the purpose of the local authorities." In other words, it maintained that local and state 
governments cannot arbitrarily rule against the installation of Amateur Radio antennas. 

John's legal fees, I believe, exceeded $20,000. In deciding in his favor, the court ordered the 
city of Lakeside Park to pay all John's legal fees — almost $14,000 — incurred since the enact¬ 
ment of PRB-1. It now appears likely that any municipality that contests other proposed Amateur 
installations could very well lose and be held responsible for costs. 

This is our annual antenna issue. Personally, I couldn't have asked for a more appropriate time 


to acknowledge and discuss WM4T's victory. 

You can get a copy of the consent decree from the Northern Kentucky Tower Fund (P.O. Box 
17721, Lakeside Park, Kentucky 41017; SASE appreciated). John, by the way, is reportedly still 
out approximately $7,000 of his own money; when you write for your copy of the decree, you 
may want to consider enclosing a donation to help minimize the impact. 


Rich Rosen, K2RR 
Editor-in-Chief 


Amateurs interested in further developments in this and other cases may want to attend the Amateur 
Radio And The Law Forum conducted by attorney Jim O'Connell, W9WU, at 1 PM on Sunday, 
April 26, at this year's Dayton Hamvention. 
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comments 

modifying the IC-02 

Dear HR: 

Readers may beinterested to know 
that the extended receive modification 
for the IC-02 described in my article, 
"Extending Receive Coverage for the 
IC-02 and IC-04" (July, 1986, page 77), 
will work for all IC-02 HTs, including 
those with serial numbers above 
34,000, 

Robert K. Morrow, Jr., WB6GTM 

Flora, Indiana 

Yagi design program 

Dear HR: 

Early in 1984, Jerry Haigwood, 
KY4Z, and I wrote a computer pro¬ 
gram, based on DL6WU's article in the 
March, 1982 issue of VHF Communi¬ 
cations, for designing long Yagi anten¬ 
nas. We presented that program at the 
West Coast VHF Conference held in 
May of that year at Paso Robles, 
California. Therefore, it should be no 
surprise that I have looked very care¬ 
fully at the program developed by 
VK4ZF and described in his article 
"Computer-Aided Design of Long 
VHF Yagi Antennas," which appeared 
in the May, 1986 issue of Ham Radio 
[page 28]. 


f SHORT CIRCUIT HOTLINE 

Building a current ham radio project? Call the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time — before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

>-803- 878 -1441 - ' 


VK4ZF did an admirable job, but I 
believe that certain deficiencies should 
be pointed out. (The same could prob¬ 
ably be done about the program Jerry 
and I wrote.) 

First, the initial input requirement for 
the number of elements in the anten¬ 
na is irrelevant. The initial criterion 
should be the desired gain or the avail¬ 
able boom length. (Coincidentally, the 
irrelevance of the number of elements 
is covered by Joe Reisert in his column 
in the same issue [page 103]). Further¬ 
more, in an earlier paper, DL6WU stat¬ 
ed that the minimum boom length for 
an antenna of this type is about two 
wavelengths; a 2.2-wavelength boom 
will accommodate eight directors. 
There is no restriction as to the mini¬ 
mum number of elements in the 
program. 

Second, the diameter of the elements 
is limited to the discrete values for 
which data files have been made. This 
makes it impossible to compare the 
program results directly with the exam¬ 
ple antennas described by DL6WU, al¬ 
though the differences are slight. 

Third, the program is limited to 40 
elements, which makes it impossible 
to compare the data for directors 39 
through 47 of the 1296-MHz antenna 
described by DL6WU. There does not 
seem to be any valid reason for this 
limitation, since DL6WU states that his 
curves can be extrapolated almost in¬ 
definitely. 

Fourth, the program limits the boom 
diameter to 0.05 wavelength, although 
this can be changed easily by modify¬ 
ing line 490. Without this change, it is 
impossible to use a boom diameter of 
12.7 mm at 1296 MHz, which is the 
boom size used by DL6WU. Cor¬ 
respondence between DL6WU and 
KY4Z indicates that a minimum boom 
diameter of 0.075 wavelength is ac¬ 
ceptable. 

I have enclosed comparisons of the 
element lengths and spacings, show¬ 
ing DL6WU's figures, those obtained 
from VK4ZF's program, and those 
generated by the program written by 
KY4Z and me. A major discrepancy 
seems to be the length of the driven 
element in VK4ZF's program; it is far 



too short at 432 MHz, but slightly long 
at 1296 MHz. 

None of the limitations described 
above exist in the program written by 
KY4Z and me, although the program 
does not include calculation of beam 
widths or stacking distances. Further¬ 
more, it is a great deal easier to key¬ 
board because the 16 data files are not 
required (which also conserves disk 
space). 

Our program was written in Micro¬ 
soft BASIC and will run under 
GWBASIC and BASICA. Minor edit¬ 
ing may be required to convert it to 
other species of BASIC. 

The program exists, under the file¬ 
name DL6WU-1.BAS, on most of the 
RCPM bulletin boards in the San Fran¬ 
cisco Bay Area, including KY4Z's 
AMPROI at 408-258-8128. I can also 
supply it in the following forms: 

1, A listing, with a sample printout 
of results, for $1.00 (U.S.) plus a No. 
10 (business-size) SASE. (Outside of 
the United States and Canada, send 10 
IRCs.) 

2. A 5.25-inch soft-sectored floppy 
disk for virtually any CPM computer 
(except Apple) or for any PC/MS-DOS 
computer. Be certain to specify the 
disk format desired (and an alternate, 
if possible) or the version of PC/MS- 
DOS that is used. The cost in the USA 
and Canada is $5.00 (U.S.), elsewhere, 
$7.00 (U.S.); this covers the cost of 
the disk, mailer, and postage. The 
same costs apply to either a disk or 
tape cassette for the Commodore 84. 

Please address all requests to me. 
Robert S. Stein, W6NBI 
1849 Middleton Avenue 
Los Altos, California 94022 

any ideas? 

Dear HR: 

A friend installed a plastic owl on his 
beam to discourage birds. A real owl 
appeared and attempted to court the 
plastic owl. When the plastic owl failed 
to respond, it was attacked by the real 
owl, causing commotion and damage. 

Any ideas, anyone? 

Berand Kirschner 
Oceanside, California 92056 
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two-element hf beams 


Tune these medium-sized 
high performance antennas 

right from the shack 

Physically small beam antennas that represent the 
least compromise in gain and directivity have been dis¬ 
cussed in the literature. 1 Large antennas, for those for 
whom size is no problem, have received widespread 
coverage; the W2PV series of articles, for example, 
includes a wealth of material on large Yagis. 2 Yet the 
topic of medium-sized antennas — which includes the 
majority of Amateur beams — remains an area of un¬ 
certainty, about which many have sought without 
success for more information. The quad-versus-Yagi 
controversy continues unabated; conflicting claims are 
made for what might appear to be a bewildering var¬ 
iety of different beams, and an imperfect grasp of 
essentials has turned an inherently simple situation into 
one of needless complexity, with two-element beams 
deprived of their rightful status. 

how small two-element beams work 

In fig. 1, we have a bird's-eye view of two identical 
vertical elements carrying equal currents and spaced 
by a small fraction of a wavelength, with the plus and 
minus signs indicating that they are initially fed in 
opposite phase, thus tending to cancel each other. 

At this point it's not important to know how the cur¬ 
rents got there. Energy arriving at a specific point in 
space travels a different distance from each vertical 
element. This difference in path length and the oppo¬ 
site polarity of each vertical causes the maximum radi¬ 
ation from the array (two elements) to be along a line 
that goes through the elements. The two fields com¬ 
bine vectorially as shown in fig. IB. For small angles, 
(<t > 0 ) halving the angle halves the field. As one moves 
around the antenna, the difference is reduced; there¬ 
fore the angle reduces, producing the directional pat¬ 
tern shown in fig. 1C, which is independent of spacing 
as long as the angle remains small. It follows that be¬ 
cause energy remains similarly distributed throughout 
space, signal strengths must also be independent of 
spacing — provided there are no losses. Usually one 
introduces an electrical phase shift, </>. If this is equal 


I to the spatial phase shift, <f> Q , cancellation takes place 
in the reverse direction, producing the well-known 
cardioid pattern of fig. ID. As the electrical phase 
shift, 0, is reduced, the null in the back direction splits 
into two. It gradually shifts around, with the back lobe 
increasing in strength until we arrive back at fig. 1C. 
However, for a given ratio of </>/<£ 0 , the pattern re¬ 
mains independent of spacing. 

In the case of horizontal beams the directional pat¬ 
tern of the individual elements is superimposed on the 
beam patterns derived in accordance with fig. 1, but 
the principles are the same. Because no dimensions 
are mentioned, it follows that for two elements the 
directive pattern — and therefore the gain — depend 
only upon the phase shift ratio, <t>/<t>o, and are indepen¬ 
dent of the size, shape, or spacing of elements, provid¬ 
ed the dimensions are not excessive . This rule is 
reasonably accurate for element lengths up to about 
0.7X, and as shown in fig. 2, for spacings up to 0.2X. 
It starts to break down if there are regions of high cur¬ 
rent that are separated by a substantial fraction of a 
wavelength, the X/4 separation between top and bot¬ 
tom of a quad loop not being appreciable in this con¬ 
text. In this case, a directive pattern results through 
the addition of fields — a completely different mechan¬ 
ism that is the basic principle of large arrays. Figure 
2 shows the effect that element spacing has on gain 
and, from another source, a very similar curve for three 
elements. 3 

The basic statement emphasizing gain as primarily 
a function of the phase shift ratio rather than spacing 
— though it seems physically obvious — is in flat con¬ 
tradiction of widely published figures. These figures, 
derived mathematically for parasitic arrays, show gain 
and directivity to be critically dependent upon spac¬ 
ing and whether an element is tuned as a director or 
reflector. But although the calculations are indeed cor¬ 
rect, they happen to be the wrong ones! More ac¬ 
curately stated, perhaps it's the designs to which they 
relate that are faulty, since I have assumed equal cur¬ 
rents, whereas normally performance is sacrificed if 
the elements are straight. 5 As can be inferred from fig. 
3, this is the worst possible shape because it minimizes 
coupling, consequently precluding the possibility of 
the presence of equal currents, except with very close 

Les Moxon, G6XIM, Gorse Hill, Tilford Road, 
Hindhead GU26 6SJ Surrey, England 
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spacing (0.05X). Nulls in the directional pattern are 
filled in and gain is also adversely affected. 

Coupling between straight elements can be in¬ 
creased by moving them closer together. But for this 
to be effective, spacing has to be reduced to about 
0.05A, which is normally regarded as unacceptable be¬ 
cause of reduction in bandwidth and efficiency. For 
this spacing, my calculations and those of W2PV are 
in close agreement. In my case, however, due to the 
assumption of equal current amplitudes, dependence 
on physical dimensions has been eliminated. 

Inductive coupling (fig. 3A) isn't advised because 
of the reduction in radiation resistance. More often, 
natural coupling tends to be capacitive and needs only 
to be supplemented. One advantage of the quad is that 
loops couple more tightly than straight dipoles; this 


probably accounts for its popularity despite a poor 
reputation for survival in high winds. On the other 
hand, bent elements (see figs. 3B and 30 lend them¬ 
selves to the design of more compact but equally ef¬ 
ficient antennas with overcoupling rather than 
undercoupling as the more common fault. This is easy 
to correct either by an alteration of spacing or, if 
necessary, neutralization 1 , as shown in fig. 3C. 

mutual impedance 

From the narrowing of the radiation pattern, it is 
evident that there must be gain relative to a dipole. 
But how, one might ask, can this be if the elements 
are tending to cancel each other? The answer lies in 
the fact that the element currents rise to whatever val¬ 
ue may be necessary to account for the observed gain, 
and they can do so only by virtue of the mutual resis¬ 
tance between the elements which subtracts from the 
self-resistances when closely spaced elements are ex¬ 
cited in antiphase. Without mutual resistance, there 
can be no power gain; these quantities are insepara¬ 
ble, so that given equal currents, one follows from the 
other. On the other hand, mutual resistance alone can¬ 
not achieve the degree of current equality necessary 
for obtaining deep nulls. This requires mutual reac¬ 
tance, which exists in most cases but may need to be 
increased or decreased, with reflector operation requir¬ 
ing negative reactance. Mutual resistance, R m and 
reactance, X m data appears to be available only for 
straight X/2 elements (fig. 4), but the "size rule" im¬ 
plies that mutual resistance bears a constant relation¬ 
ship to the single-element radiation resistance (R), and 
so the mutual resistance can, if necessary, be inferred 
from it. Likewise, if the elements are self-resonant, 
mutual reactance can in principle be determined from 
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directions of minimum response by obtaining cor¬ 
responding values of 4>/<j> 0 fro™ fig. 5, since with no 
detuning the phase shift <j> is determined solely by the 
phase angle of the mutual impedance — i.e. by X m / 
R m so that by knowing cj> t <j> Q and R m we can evalu¬ 
ate X m . This method has not been evaluated in prac¬ 
tice and its use is restricted by the fact that with large 
departures of X m from its optimum value the nulls will 
not be deep enough for their direction to be deter¬ 
mined. In general, however, with two elements there 
should be no need to know the actual value of X m 
since constructions are available which allow it to be 
adjusted by trial and error. Additionally, by virtue of 
the “size rule" calculations or measurements for a set 
of dimensions for which X m is known can be applied 
to any other, with due allowances for differences in 
R. Calculations, simplified by assuming equal cur¬ 
rents, 5 have led to further results: 

• Radiation resistance (Rg) for a parasitic array is given 
by 

r b = 2 (R - Rm cos <)>) 

• For an array in which each element has its own feed¬ 
line, the radiation resistances are: 

R director ~ R - Rm cos <p + Xm sin <£ 

R reflector - R ~ Rm cos <t> - Xm sin 4> 

With a resonant reflector and equal currents, the null 
directions are approximately 130 degrees relative to the 
beam heading in all cases. The total resistance is the 
same as before, but that of the reflector (or director 
if Xm is positive) can be zero or even negative, which 
bodes ill for the matching process. Until now, driven 
operation has been the usual method of trying to 
equalize currents, but the reason for some failures may 
now be apparent, particularly because the usual phas¬ 
ing lines must be matched for correct operation. Solu¬ 
tions to this problem have been discussed before. 15 
Driven operation remains a possible solution to the 
problem of obtaining equal currents with straight ele¬ 
ments, and a number of such antennas have been 
described. Most of these, intended to be reversible, 
specify X/4 spacing, which is too wide, or X/8 spac¬ 
ing, which is convenient and simplifies the mathemat¬ 
ics to the extent that X M disappears. Unfortunately, 
because of mutual reactances of opposite sign, which 
each element induces into the other, a very high 
VSWR exists in each of the individual feeders. This 
high VSWR may not be noticed because it doesn't 
appear in the common feed from the transmitter; if 
it were corrected, the beam couldn't be reversed be¬ 
cause the correction would then be of the wrong sign 
and make matters worse. Open wire lines can be used, 
but result in excessively narrow bandwidth (though 
I've overcome this by using folded dipole elements). 



Overcoupling is a problem likely to be experienced 
in the case of quads with less than 0.15X spacing. The 
"Swiss Quad" (with 0. IX spacing) gets around this by 
driven operation, but as we'll discuss later, there are 
many advantages to be derived from resonant feed¬ 
ers, including the possibility of increasing coupling or 
neutralizing excess coupling by means of capacitance 
between the lines. Figure 5 shows the dependence 
of gain, radiation resistance, and null directions on the 
phase shift ratio. 1 * 5 If any one of these quantities is 
known, all the others except radiation resistance (Rb) 
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follow from it. For the last parameter, we also need 



to know the value for a single element (R); with a few 
exceptions, this can be obtained from fig. 6. The 
method of calculation is explained in reference 5. Fig¬ 
ure 7 is a further extension of fig. 5 showing the direc¬ 
tion and magnitude of the back lobes in the radiation 
pattern. They demonstrate the crucial importance of 
the ratio <£/</> 0 in determining ad aspects of the perfor¬ 
mance of two-element beams (including bandwidth, 
since this is linked to radiation resistance, as discussed 
later). 

directivity gain 

So far we've assumed that there are no losses. 
Apart from feeder loss, other losses may occur be¬ 
cause of proximity to nearby structures, use of very 
thin wire, or as the limiting factor when trying to make 
an antenna as small as possible. Besides radiation pat¬ 
tern distortion, currents induced in booms or support¬ 
ing structures due to lack of symmetry may introduce 
additional losses. If equal currents and correct phas¬ 
ing are maintained, losses as such have no effect on 
directivity which, because of high external noise levels, 
is usually the sole requirement in the case of recep¬ 
tion on the hf bands. 

Losses can make it impossible to equalize currents 
by means of increased coupling, but there is then no 
longer any problem with driven operation since the 
mutual resistance, as a result of these losses, is no 
longer in control of the situation. Because of this, it's 
customary to distinguish between directivity gain and 
power gain, the two being equal when there are no 
losses. 
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fig, 5. Relationship between phase pngle, gain, null directions, and radiation resistance for ell close-spaced, two-element 
beams with equal current drive. Note; losses not included; gain figures valid within 0.3 dB for null depths > 10 dB (ap¬ 
prox.). Radiation resistance (in ohms) for half-wave elements spaced A/8 (see text for other beams). 
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losses 

Horizontal monoband hf beam losses rarely exceed 
a few ohms, and with radiation resistances of a few 
tens of ohms, can usually be neglected. In doubtful 
cases they can be roughly estimated from conductor 
sizes, assuming one has some idea of the current dis¬ 
tribution. 

Resistance data in graph form can be found in text¬ 
books, but a handy figure to remember is one ohm 
per half-wavelength for 3-mm diameter copper wire 
(approximately No. 10 AWG) at 14 MHz. The loss is 
inversely proportional to diameter and to the square 
root of frequency. However, divide by 2 for long con¬ 
ductors that have a sine wave current distribution, 
such as antenna wires or resonant feeders. This gives 
the resistance referred to a point of maximum current, 
which is standard practice also in the case of the radi¬ 
ation resistance with which it must be compared. For 
parallel wires, divide by the number of wires; for alu¬ 
minum alloy, multiply by 1.6, and don't use iron or 
steel! 

bandwidth 

Bandwidth is roughly proportional to radiation re¬ 
sistance but also varies inversely with the length of 
the resonant system (which includes the antenna up 
to the point of matching). We are interested in two 
kinds of bandwidth: 

• SWR bandwidth — i.e., the frequency range over 
which the SWR is less than 2.0. As might be expect¬ 
ed by analogy with coupled circuits, bandwidth in this 
sense is improved by tighter coupling between ele¬ 
ments. The better the SWR bandwidth, the less fre¬ 
quently the antenna tuner has to be readjusted, or the 
better the chance of being able to dispense with it. 
In general, SWR tends to rise steeply at the low fre¬ 
quency end of the tuning range, since tuning low is 
equivalent to tuning the reflector higher. This reduces 
<j>, causing a shift to the left on the curves shown in 
fig. 5, with Rq dropping to a relatively low value. 

• Pattern bandwidth, or the frequency range in 
which a specified null depth such as 10 dB is exceed¬ 
ed or the forward gain remains within 1 dB of maxi¬ 
mum. Despite their relatively small size the antennas 
to be described here come close to meeting the above 
specifications on most bands without retuning the 
reflector. This is consistent with a reasonable degree 
of operating convenience, but to take advantage of 
very deep nulls it's essential for the reflector to be con¬ 
nected through its own feeder to a tuning device at 
the operating position. In this case, pattern bandwidth 
is less important but makes for added convenience. 
Use of two feeders provides an additional bonus: the 
ability to reverse beam direction. 




design of elements 

Although elements don't have to be identical, it 
usually helps — and is essential if one wants to be able 
to reverse beam direction without having to retune. 
Figure 6 shows that half-wave elements can be 
reduced by 30 percent in length for only a trivial reduc¬ 
tion (17 percent) in radiation resistance, provided 
capacitive end-loading (or its equivalent) is used. Fig¬ 
ure 8 shows three practical ways of achieving this. 
In the case of fig. 8C, AB and CD act solely as end 
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loading because radiation from them is cancelled by 
that from AE and DE. 

Most of the designs to be described are based on 
the small delta loop (fig, 80, which can be suspend¬ 
ed between the tips of fiberglass fishing rods angled 
upwards, thus achieving an effective height consider¬ 
ably in excess of the mast height, since there's little 
or no radiation from the sides of the loop. In this form 
it has become known as "The Claw" for reasons ob¬ 
vious from the photograph (fig. 15). In most cases 
there seems to be little point in exceeding an element 
span of about 35 percent of the longest wavelength 
to be used; further size reduction is governed by three 
main constraints: bandwidth, losses, and difficulty of 
folding enough loading wire into the space available. 
For a reasonable approximation to "full size" perfor¬ 
mance, the above length can be more than halved if 
some form of remote tuning is provided. 1 Practical 
difficulties escalate rapidly as the span length drops 
below 0.25X. 

The arrangement shown in fig, 8D can be erected 
as an inverted V and is important as an alternative 
option though the sinusoidal current distribution halves 
the radiation resistance for a given span. 

coupling and null depth 

All four arrangements shown in fig. 8 provide in¬ 
creased coupling. In cases A and D, this is readily 
adjustable by altering the spacing between ends; 30 
inches for a span of 20 to 24 feet at 14 MHz has been 
found suitable, but some experiments may be advis¬ 
able. Ajustment of coupling isn't critical. I've found 
that "design by guesswork" frequently produces null 
depths in excess of 20 dB. It's best for errors to be 
corrected in the antenna itself, but for fine tuning, 
placing capacitors between convenient points on feed¬ 
ers has been found satisfactory. These can be con¬ 
nected either in phase to increase coupling or out of 
phase to neutralize excessive coupling. I then find it 
possible to get null depths usually in excess of 20 dB, 
and often much greater, for all back directions and in- 
band (14 MHz) frequencies with single-knob tuning of 


fig. 8. Two-element horizontal beams with reduced 
length and enhanced coupling. Reflector should prefer¬ 
ably be a duplicate of the driven element (see text). 
Otherwise, if currents equal (i.e. if deep nulls are obtain¬ 
able), tune reflector to the low edge of desired band. (A) 
Bent dipole elements (20 x 10 feet suggested, though 
dimensions are not critical) xy (nylon fishing line) * 30 
inches. (B) End-loading by vertical rods. Single elements 
have been used successfully with the dimensions shown. 
Coupling may need augmenting. (C) Small delta loops 
(ABCD) should be just over X/2. Size can be reduced by 
small loading stubs. BB ' may be 0.124.2X; EF < BB 72. 
(Dl Erect between posts or as inverted V. Spreader (or 
boom) may be 9-12 feet for 14 MHz. 
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the reflector. "Deepest possible" nulls aren't thought 
to be worth additional effort, given the unstable nature 
of the ionosphere and sensitivity to local field distur¬ 
bances — for example, trees blowing in the wind, the 
presence of other antennas, even aircraft reflections. 
Up to 30 dB can be useful, but deeper nulls require 
precise adjustments of phase and amplitude (two 


knobs). By the time these adjustments are made, the 
interference one is trying to remove has probably dis¬ 
appeared anyway! With deep nulls a tendency has 
been observed for non-reciprocity between transmis¬ 
sion and reception, due probably to pickup on wiring 
in the shack. If a linear is used, this won't be identical 
for the two cases. 


POINT OF 

RESONANCE (LOW Z) 


POINT OF 

RESONANCE (LOW Z) 


FEEDER CONTINUATION 
USED AS SERIES 
TUNING INDUCTANCE 


600 OHM 
LINE 


X/12 

(OR MORE) 


-COUPLING CAPACITORS 
CAN BE CONNECTED 
HERE IF NEEDED 


POINT OF 

RESONANCE (LOW Zt 




600 OHM 
LINE 




fig. 9. Reflector tuning of "Claw" antenna: (A) Long feedline; IB) short feedline; <C) resonant feedline. This method, espe¬ 
cially as illustrated in IB), is convenient, since point B is more likely to be accessible. Total L = 3.5 ^H. Terminations can 
be band-switched, but often cover two or three bands. 


ro rx via atu 




I 


fig. 10. Application of enhanced coupling to conventional beams. (A) monobander — coupling wires (w) suggested as 
alternatives to bending the elements. (B) Beam with traps. (C) is similar to A, except in that the reflector is tuned via 
the feeder. 
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SMALL AMOUNT OF INDUCTIVE LOADING 
TO OBTAIN CORRECT CURRENT 
DISTRIBUTION 


xyi = 47" 
x i - 15 " 

0, b, C, d ARE I7AWG FORMING A 
DELTA LOOP CONFIGURATION 


19' 


12 AWG 



I ( 
I I 
I I 
I ! 


OTHER STUBS CONNECTED AT GROUND LEVEL AS REOUlREO 


fig. 11. Wire beam based on the small delta loop. In plan view, this may be recogni 2 ed also as a derivative of the VK2ABQ 
antenna. Wires should not be attached directly to bamboo supporting arms. Lengths of nylon fishing line should be used 
as insulators. (Reproduced with permission from RSGB.) 


reflections from other antennas 

These reflections can be large enough to seriously 
degrade forward gain at distances of over 30 meters 
at 14 MHz. (In one case I observed a loss of 2 S-units 
due to screening by another antenna at about 25 
meters.) Their effect on front/back ratio is much great¬ 
er. From mutual resistance data, it appears that an¬ 
other antenna 7 wavelengths away might be expected 
to degrade a 30-dB null by about 6 dB. Such effects 
depend, of course, on the extent to which the inter¬ 
fering antenna is in the beam path, so the effective 
radiation pattern varies with beam heading. The in¬ 
terfering antenna may be "removed" by detuning or 
rotating it to an end-on position, but any front/back 
ratio it may possess applies only to its own input ter¬ 
minals and does nothing to help. Unless such effects 
can be eliminated, the possibility for serious errors 
remains. This further emphasizes the importance of 


being able to make adjustments at the operating posi¬ 
tion to suit the needs of the moment. However good 
its f/b ratio, a large Yagi will still be wide open to 
reflected signals from other antennas in its beam path. 

reflector tuners and t/r switching 

Separate optimization of transmitting and receiving 
characteristics by switching between two different 
reflector tuners is a further important option. Tuning 
of the reflector to null out an interfering station can 
have a large effect on the SWR unless the antenna 
tuner is readjusted. Using an FS710H automatic in¬ 
line SWR meter, I haven't found this to be a problem, 
but without such a device and with modern solid-state 
amplifiers it can be an embarrassment. Because trans¬ 
mitting and receiving requirements aren't identical, it 
makes sense, in any case, to use separate tuners 
switched by a relay, not forgetting to use the "trans- 
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mit" (tuner) condition when checking for prior channel 
occupancy. While any feeder length can be used, it 
simplifies matters to choose one that allows series 
tuning as shown in fig. 9, preferably as shown in fig. 
9B, which increases the chance that points such as 
xx, where the rf voltage is suitable for coupling ad¬ 
justment, will still be available in the shack if required. 
With feeder impedances of both 50 and 600 ohms at 
14 MHz, I have found a capacitance (C) of 40 to 250 
pF and an inductance (L) of 3 to 4 /*H to be suitable, 
but this would depend on feeder length. The trick is 
to pick a likely-looking capacitor out of the junk box 
and, with a grid dip oscillator, find an inductance that 
allows the reflector to be tuned through the band and 
down to about 2 percent lower. 

beam reversal 

This reduces the average time required for changing 
beam heading since rotation can be limited to about 
140 degrees. Also, in many cases an Armstrong meth¬ 
od of rotation can be employed, with two ropes sub¬ 
stituted for the usual heavy, expensive, and sometimes 
unreliable beam rotator. It can be particularly useful 
in multi-way contacts, and if there's uncertainty about 
whether propagation is short or long path. It also pro¬ 
vides confirmation that the antenna is working cor¬ 
rectly. Figure 10 includes suggestions for the addition 
of controlled coupling to conventional beams which, 
though as yet untried, may be useful to experimenters. 
In (A) and (C), it may be easier to pull the ends in to¬ 
ward each other with nylon fishing line. To permit 
beam reversal and null-steering, the reflector must be 
replaced by a replica of the driven element. 

comparison between two and three 
elements 

Two-element beams can be expected to produce 
deeper and more controllable nulls, but this may not 
help if more than one interference source is present. 
In this respect, three-element beams are superior, as¬ 
suming fixed tuning of the reflector in both cases. With 
two elements, a rejection ratio better than 18 dB can 
be obtained for all back angles if the nulls are placed 
at 150 degrees to the beam heading; this is for a spot 
frequency, but can be obtained throughout the band 
if reflector tuning is synchronized with the main tun¬ 
ing. With three elements, W2PV 2 found null depths 
in excess of 20 dB over 2 percent bandwidth in the 
best case, but this was only for the 180 degree direc¬ 
tion. It has also been shown that three elements can 
provide rejection in excess of 28 dB at all back angles 
simultaneously on a spot frequency. 4 From tuning data 
given in this reference, I estimate a minimum rejec¬ 
tion of around 18 to 20 dB over a 2 percent band, 
which is little better than the two-element result and 
requires very precise adjustment of the kind difficult 


to obtain in practice because one is working with too 
many variables. The two-element beam, moreover, 
provides the option of deeper nulls in specific direc¬ 
tions, though the rejection of QRM from several 
sources simultaneously may then be adversely affect¬ 
ed. In practice, not more than 1 to 1-1/2 dB extra gain 
can be expected from the third element, and in terms 
of the low-angle radiation required for chordal-hop 
propagation (which is probably responsible for most 
long-haul DX 5 }, this is equivalent to an antenna height 
increase of only 15 to 20 percent. The small size, light 
weight, and construction of antennas described in the 
next section should, in many cases, lead to height in¬ 
creases of this order. It is not suggested that these 
small beams can compete with a six-element mono¬ 
bander on a 100-foot tower, but they can hold their 
own in more ordinary circumstances, requiring only 
a modest means of support, indifferent results quoted 
by earlier authors being attributable entirely to the 
assumption of straight elements and the resulting 
current inequalities. Much of this ground has been 
covered in earlier publications; a complete bibliography 
can be found in reference 5. 

multiband beams 

Multiband beams have previously consisted mainly 
of tribanders involving some degree of compromise. 
Instead of using the whole of a 14-MHz X/2 element 
on 28 MHz, it is cut down to size by traps, or 28-MHz 
loops are stacked inside 14-MH’z loops which could 
be used to provide extra gain on 28 MHz. This sacri¬ 
fices 2 to 4 dB of gain at 28 MHz 1 , as well as incurring 
losses due to circulating currents in traps or "wrong 
way" currents induced in unused elements, which can 
reduce bandwidth and affect coupling. 

Trapped beams rate highly in terms of convenience 
as well as off-the-shelf availability, and their popularity 
could no doubt be further enhanced by design im¬ 
provements — for example, along lines suggested by 
W0JF. 11 At the same time, the fact that now we have, 
within 1-1/2 octaves, six bands instead of three, 
presents an exciting challenge unlikely to be met by 
traps or stacking without further compromises. The 
log periodic antenna, though simple in use, is large, 
heavy, expensive, and inferior in performance to a Vagi 
of the same size. 

the "poor man's log periodic" (PMLP) 

When short of new ideas, it often helps to take a 
fresh look at old ones, which is what I've been doing 
in the case of resonant feeders. Though these have 
been blamed for TVI, radiation from balanced lines is 
very small, and they've consequently also been recom¬ 
mended as cures for TVI. It's true that they can get 
themselves twisted around the mast or entangled in 
guy ropes, but there's no excuse for this if beams are 
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reversible as previously recommended, since rotation 
can then be restricted to less than 180 degrees. A more 
serious objection is the restriction of bandwidth. But 
with remote tuning, this becomes an inconvenience 
rather than a basic limitation. Now, through a for¬ 
tunate accident, a solution to the bandwidth problem 
has also emerged and with it a family of small, light¬ 
weight antennas that provide the performance and 
other characteristics of the antennas described earlier, 
yet are tunable over the frequency range from 10 to 
30 MHz. This largely achieves the object of the log 
periodic antenna, though the principle at work is 
entirely different. 

the ideal antenna? 

To establish the respectability of resonant feeders 
and provide a useful perspective, the design of a "best 
possible" multiband beam will be attempted. 

Consider three identical straight tubing elements 44 
feet long, spaced 8 feet apart, fed with about 46 feet 
of open wire line, and tuned to 14 MHz. The radiation 
resistance of a single element is 150 ohms and the 
bandwidth of antenna plus feeder for an SWR of 2:1 
is about 8 percent, differing only slightly from that of 
a normal half-wave element. This should provide gain 
and f/b ratio in line with the previous three-element 
example. The larger value of radiation resistance, how¬ 
ever, makes it much easier to use resonant feeders for 
remote tuning and beam reversal; even if this is not 
required, it helps to ensure reasonable bandwidth. The 
main benefit occurs at other frequencies, since on 28 
MHz the elements are "extended double Zepp," which 
was the reason for the choice of length. The boom 
length is nearly optimum, 2 bringing the total gain to 
about 10.5 dBd. The spacing is too wide for good f/b 
ratio on 28 MHz, but this could be improved by addi¬ 
tional coupling. On 10 MHz, omitting the center ele¬ 
ment provides for satisfactory spacing and achievable 
gain is in accordance with numbers indicated in fig. 
5. Losses are negligible. The lower end of the feeders 
is assumed to be accessible near the antenna and can 
be lengthened or matched into, if necessary, utilizing 
band switching, depending either on local 
requirements or bandwidth considerations. With two 
elements, the boom length would have to be reduced, 
with 0.1X the minimum acceptable length at 10 MHz. 
The gain at 28 MHz is reduced to 7 dB, but remains 
high for two elements. For comparison, the gain of 
a log periodic will be in the region of 6 dBd, assuming 
a boom length of 50 feet, making the PMLP far supe¬ 
rior except for the inconvenience of having to tune it. 
This can be done in the shack if the feeders aren't too 
long. Nevertheless even the PMLP in this ideal form 
is in the "monster" class, and much effort has been 
devoted to applying the same principles to smaller 
antennas. 


the small delta loop 

The antenna shown in fig. 8C, a fixed pair of loops 
supported by a tree, was selected for this purpose after 
being used initially as the quickest and easiest way of 
getting back on the air from a new location. Though 
it wasn't possible to make a direct comparison, the 
performance of a full-size quad — in the same tree at 
the same height — was later judged to be about the 
same. The first multiband version of this antenna 6 , 
shown in fig. 11, was used initially without the 
switched stubs, with correct coupling established by 
capacitance between the corner stubs (which also 
provided a small amount of loading) and by bringing 
the lower corners in towards the mast. The electrical 
lengths from top center to a shorting bar at ground 
level were arranged to be X on 14 MHz, 1 -1 /2X on 21 
MHz, and 2X on 28 MHz, providing for 600-ohm feed¬ 
line matching as well. Current nulls in the center of 
the sides on 14 MHz ensured that all the radiation was 
from the top of the system, while at higher frequen¬ 
cies the loops radiated as ordinary loops, with effec¬ 
tive spacing reduced by bringing the lower corners 
together. The matched lines (120 feet) were taken 
respectively to an antenna tuner and a series-tuned 
circuit for reflector tuning via a beam-reversing switch 
which interchanged the feeders in the shack. The ele¬ 
ments were supported by four 8-foot bamboo garden 
canes radiating outwards and upwards from an alu¬ 
minum hub with four 4-foot spokes, for a total radial 
length of 12 feet. The SWR bandwidth for given set¬ 
tings of the antenna tuner and reflector tuning at 14 
MHz was only 100 kHz which generated a tendency 
to stay in one part of the band. Differences in tuning 
between wet and dry weather were a nuisance. These 
were aggravated by short lengths of 300-ohm line in¬ 
itially used for bypassing the rotating joint. Checking 
the feasibility of operation on 10 MHz was difficult be¬ 
cause it required the attachment of matching stubs 
at half the mast height, but it was achieved on one 
occasion, which resulted in an S8 report from VK with 
reasonable f/b ratio. 

Despite the narrow bandwidth, such an arrange¬ 
ment may well be acceptable on the grounds that it 
is simple, cheap, versatile, and efficient, especially if 
the shack is located at the base of the mast. For me, 
however, it has one fatal flaw: the difficulty of living 
with the knowledge that identical performance could 
be obtained from a smaller antenna! To improve band¬ 
width on 14 MHz, the stubs were moved a half wave¬ 
length closer to the loops, with relays to disconnect 
them as shown in figs. 11 and 12. This enabled tuning 
for the 21- and 28-MHz band, where the radiation re¬ 
sistance is much higher, to be carried out at ground 
level as before. 

The small delta loop is mechanically superior to a 
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center-fed bent dipole (fig. 8A), since the center of 



the element doesn't have to support the weight of the 
feeder. Other features include higher radiation resis¬ 
tance and reduced effective spacing on 21 and 28 
MHz, but on 14 MHz an adverse impedance transfor¬ 
mation takes place at the bottom corner of the loops 
so that an estimated radiation resistance of 45 ohms 
referred to the top center is stepped down to only 20 
ohms in the feeder. Using the relay as shown, this isn't 
important, since only a short length of line is affect¬ 
ed. But with no relay and No. 14 AWG feeders, there's 
an estimated loss of 1 dB, as well as the narrow band¬ 
width already noted. With tubing elements as shown 
in fig. 12, the situation is more favorable, with an es¬ 
timated impedance reduction of only 30 percent. 
There's also more flexibility because the impedance 
discontinuity at the ends of the tubing tends to offset 
the step-down at the bottom corner and the boom 
can, if necessary, be used to support a heavier feeder 
system. 





A 



C 


fig. 13B. Alternative forms of inductively loaded dipole. Note: in (1), x = 10 inches, y = 15 inches (at 14 MHz). In (2), AB 
= BC = 9 feet; each L is a 40-turn, 1-inch diameter, 20-inch coil. 
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fig. 14. Claw antenna design: (A) exact shape isn't critical (see fig. 15}; (B) small capacitors are used to adjust coupling 
if necessary. (Reproduced with permission of RSGB.) 


Figures 11 and 12 represent two extremes of design 
in which "anything goes/' Typical observed SWR and 
f/b ratios are included in table 1. No additional coup¬ 
ling or neutralization was needed to obtain the results 
shown. In the case of the fig. 12 configuration, it must 



fig. 15. The Claw antenna. 


be assumed that although on 14 MHz the radiation was 
coming from straight elements, the "quad loop effect" 
was operative with respect to coupling. In the anten¬ 
na shown in fig. 12, it was found that for two-band 
operation (14 and 21 MHz), the relay could be omit¬ 
ted because of a chance combination of impedance 
transformations which caused the second harmonic 
resonance to occur at only 1-1 /2 times the signal fre¬ 
quency. In general, I've not found it difficult to ob¬ 
tain efficient two-band operation of antennas without 
switching, but three bands are much more difficult. 

the impedance transforming loop(ITL) 

Disadvantages of the systems illustrated in figs. 11 
and 12 include the need for switches or relays in posi¬ 
tions that are usually inaccessible. Even if this is ac¬ 
ceptable, frequency coverage is restricted because as 
R decreases, switching devices have to meet increas¬ 
ingly stringent requirements with respect to capaci¬ 
tance and rf voltages. 

Figures 13,14, and 15 show a means of dispensing 
with relays and, to a large extent, the need for match¬ 
ing stubs. This was the outcome of an unsuccessful 
attempt to develop a small (i.e., 18-foot, 14 MHz) 
broadband folded dipole by slowing down the wave 
velocity. 8 The idea was to trick the wave into thinking 
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Table 1. Comparison of various antennas described in this article. 


BAND 


Bandwidth for F/B 

ratio 

Bandwidth for SWR 

(MHz) 

Antenna 

>20dB 

> 15dB 

> 10dB 

<1.25 

<1.5 

<2.0 

14 

S.D.L. (wire) 


140 

280 

110 

190 

300 


S.D.L. (tube) 

150 

220 

385 

225 

390 



Claw No. 1 

40 

120 

220 

160 


330 


Claw No. 2 


145 

300 


- 

230 


Folded Dipole 



230 

100 

260 

350 

21 

S.D.L. (wire) 



320 

110 

205 

370 


S.D.L. (tube) 



550 

360 




Claw No. 1 

85 

210 

350 

330 

420 



Claw No. 2 



400 


320 

380 


Folded Dipole 



260 



450 

28 

S.D.L. (wire) 




190 


500 


S.D.L. (tube) 



800 

550 

800 



Claw No. 1 


240-300 

600 

180 

370 

680 


Claw No. 2 

170 

840 

1000 


1000 



Folded Dipole 





280 

1000 


the element was larger, but this was unsuccessful. Be¬ 
ing difficult to draw and of limited practical interest, 
its somewhat fearsome appearance will not be inflict¬ 
ed on the reader, though some performance figures 
are included in table 1. The surprise came in the form 
of a chance discovery that long feeders could be con¬ 
nected without degrading the bandwidth; the explana¬ 
tion, though elusive, led eventually to the design of 
a number of antennas bearing little resemblance to the 
original dipoles. 79 

principles of operation 

Figure 13A illustrates a small loop element which 
could be any shape. Two or more half-wave wires are 
used in parallel for the top part of the loop, resulting 
in a low value of characteristic impedance Zot- 

The remainder of the loop consists of a second X/2 
dipole with a high value of characteristic impedance, 
ZoB/ can be a be\\x as shown, or inductively load¬ 
ed in other ways. Each dipole functions as a X/4 trans¬ 
former so that the radiation resistance, R, after being 
stepped up to the value 

Zqt / R 

at the ends of the top dipole, is then stepped down to 

(Zqb / Zot) 2 • R 

at the feedpoint. As illustrated, a typical R value of 
50 ohms is stepped up to 200 ohms at the feedpoint, 
which is high enough to ensure that bandwidth re¬ 
mains an intrinsic property of the antenna and is free 
from serious degradation due to the feeder. A selec¬ 
tion of Z values is given in table 2. Depending on size 
and construction, the lower dipole may be a thin wire 
unloaded V or one of the alternatives shown in fig. 
13B. All of these arrangements have been used suc- 


Table 2. Design data for ITL antennas. 


Characteristic 

combinations. 

impedance for 

various wire 

sizes and 

Number of 

Diameter 

Spacing 

Z 0 (ohms) 

conductors 

(inches) 

(inches) 


1 

0.04 


1000 

1 

0.8 


650 

2 

0.04 

4 

690 

2 

0.04 

6 

640 

2 

0.04 

12 

550 

3 

0.04 

4 

550 

4 

0.04 

4 

490 


Equivalent Z 0 of lower dipole (wire diameter, 0.04 inches) with 
inductive loading. 


Physical length 
of dipole 
(wavelengths) 

0.375 

0.3 

0.25 

0.2 


Equivalent Z 0 
(ohms) 

1200 

1500 

2000 

29000 


Note; Z 0 values are calculated for 14 MHz. However, because 
of some length dependance, they will be slightly different for 
other bands. No data is available for helical windings. 


cessfully. The usual objections to inductive loading 
don't apply because the radiation is mainly from the 
top part of the loop. This comes about because the 
current is stepped down in the ratio of the impedances; 
because the lower dipole is shorter; and because the 
current distribution in it is sinusoidal or triangular, in 
contrast to the almost uniform current in the top di¬ 
pole. This constitutes a major advantage over the quad 
loop, in which the mean height is dragged down by 
radiation from the lower side. On the other hand, there 
is some radiation from the sides; it can be cancelled 
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AT LAST" A VERY AFFORDABLE COMPUTER 
AT A VERY AFFOROABLE PRICE 


by reverting to a more or less triangular shape as 
shown in fig. 14. Assuming an ITL to be designed for 
14 MHz, operation on the higher frequency bands 
differs little from that of the small delta loops described 
earlier; at 21 MHz there tends to be some "wrong¬ 
way" impedance transformation, suggesting the 
desirability of matching stubs at ground level in the 
case of long feeders. Concentrated loading, as shown 
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fig. 16. Typical performance of Claw No. 1 on 14 MHz. 
F/B ratio curves demonstrate null-filling due to any slight 
error in adjustment, in this case, one test signal was 
slightly too close. SWR rapidly increases as the ?r ap¬ 
proaches zero. The reflector was adjusted for nulls at 
140-150 degrees, but curves were roughly repeatable over 
a range of 110-180 inches without readjustment of 
coupling. 
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fig. 17. Typical performance of Claw No. 1 on 21 MHz. 
Note steep rise in SWR at low frequencies — i.e.. as o 
decreases. 
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fig. 18. Typical performance of both Claws on 28 MHz. Curves demonstrate adverse effects on bandwidth of very long 
unmatched feeder. 


in fig. 13B2, improves matters on 14 MHz by increas¬ 
ing Zqb (see table 2), but reference to a Smith Chart 
suggests that at 21 MHz this could lead to an increase 
of SWR in the open-wire line of 2 or more. On the 
other hand, with long coils of small diameter (20 inches 
x 1 inch), as shown in fig. 14, much better agreement 
between theory and practice resulted from regarding 
them as a harmless continuation of the traveling wave 
system. 

construction 

Figures 14 and 15 illustrate the latest version of the 
Claw antenna, which uses two pairs of fiberglass fish¬ 
ing rods 13 feet long, extended at their lower ends by 
an additional 6 feet of 1-inch diameter fiberglass tub¬ 
ing. These are plugged into alloy sockets which radiate 
outwards from the top of the mast. They are braced 
back with further lengths of fiberglass tubing to a short 
mast extension. The elements are held apart by 6-foot 
spacing rods of 1 /2-inch diameter alloy tubing. Plastic 
rod end-pieces are used to keep the rods a few inches 
clear of the elements; even so, these may be respon¬ 
sible for some of the coupling. The tips of the fishing 


rods are pulled in by nylon fishing line to give an ele¬ 
ment spacing of 12 feet. Points on the rods are guyed 
back to crosspieces at the top of the mast. The top 
wires are held 11 inches apart in the horizontal plane 
by fiberglass spacers cut from the discarded tips of 
the fishing rods. Additional spacers on the rods them¬ 
selves (with fishing-line ties) are used to maintain even 
tension in the wires to avoid flexing and breakage. 
Earlier versions used three copper wires spaced 4 
inches apart, but the benefit from the extra wire hardly 
justifies the added complication (see table 2). The 
latest version uses No. 16 AWG aluminum alloy wire, 
which reduces weight for a given rf resistance, but 
increases windage. Since the rf resistance is only 
half that of a single wire, mechanical considerations 
are more likely to be the deciding factor. Wires break 
if not kept under tension, but with two antennas 
over a period of three years — which has included 
periods of heavy winds — no fishing rods have bro¬ 
ken, and there has been no other damage to the main 
structures. 

The same wire gauge is used throughout. The load¬ 
ing helices are each wound with 40 turns over a total 


30 OB May 1987 








fig. 19. Vertical arrays. (A) Asymetrical dipolr array can be mounted on fence posts. To adjust coupling, swivel around to 
alter spacing DD'. (B) Maypole array. 


length of 20 Inches, partly near the lower end of the 
rod extensions and partly on the bracing struts. Be¬ 
cause of the low radiation resistance on 10 MHz, it's 
advisable to provide matching as close as possible to 
the antenna. In one case, 28-inch stubs were placed 
16 feet, 7 inches from the element. Later, for greater 
convenience I used a pair of series-connected 10-pF 
capacitors near ground level. The location could be 
determined by finding points of "zero"' current and 
then moving 3 feet closer to the antenna. Matching 
on the other bands was used initially, but discarded 
because it made no difference in signal strengths, 
though table 1 suggests the loss of some bandwidth. 
Even on 10 MHz, despite the additional 120 feet of 
open wire line (No. 19 AWG), the loss without match¬ 
ing was less than one S-unit. Measured performance 
data for both Claw antennas is included in table 1. 
The plots of f/b ratio and SWR shown in figs. 16, 17 
and 18 are typical of results obtained with Claw No. 1. 

alternative designs 

The loops can also be suspended from spreaders 
between two supports. In this case planar loading (an 
idea suggested to me by Steve Hart, VK5HA), as 
shown in fig. 13B, is suggested. The assembly can 
be supported by three lengths of nylon fishing line with 
small ring insulators cut from fiberglass tubing to keep 
adjacent edges apart. I find that nearly a 3:1 reduc¬ 


tion in length can be achieved this way; because it uses 
less wire, its efficiency is greater than with helical load¬ 
ing. For this reason, it was used in the first two ver¬ 
sions of the Claw, 7 but helical windings in this case 
are easier and neater, with losses insignificant. Similar 
loops can be suspended from their centers in inverted 
V fashion. I've also built a rotary version of such an 
antenna modelled after the one shown in fig. 3B. This 
used a lightweight mast extension surmounted by a 
1/2-inch diameter aluminum boom. Two fiberglass 
radial arms were used to hold up the dipole ends. 
Apart from the neutralization problem mentioned 
earlier, this worked well on 14 MHz. A three-element 
version of the Claw was also constructed; since only 
triband operation was required, I was able to use a 
coaxial feeder for the center element and a relay to 
switch in an additional length of helix on 21 MHz. The 
third element was effective on 28 MHz and was in¬ 
directly useful for 10 MHz because, though not in use, 
it allowed wider spacing between the other two ele¬ 
ments without degradation of performance on 28 
MHz. On 14 and 21 MHz, there was no improvement 
compared to using any one of the three possible pairs 
on its own. SWR on 14 MHz could be varied between 
1.0 and at least 5.0 by tuning the parasitic elements! 
The problem was basically one of "too many vari¬ 
ables," and it was concluded that for three elements 
to be viable, they would need to be spread out along 
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a boom; the "Claw" concept would then lose most 
of its attraction in return for a relatively small improve¬ 
ment in performance. 


vertical arrays 

Vertical beams can also be constructed using con¬ 
trolled coupling. 10 Figure 19 shows two examples. The 
first is an "asymmetrical dipole" array that uses 
inductively-loaded counterpoises to form the lower half 
of the dipoles. The inductances can take the form of 
linear loading. 5 The elements are movable and can be 
plugged into sockets on fence posts. Coupling is var¬ 
ied by rotating the counterpoises towards each other 
and all adjustments are conveniently accessible. Each 
half of the dipole should be resonated separately 
against a X/4 wire. The second can be regarded as a 
"vertical VK2ABQ" antenna. It's best to use four wires 
at right angles; adjacent pairs may be connected in 
parallel, though they can also be used in a three- 
element configuration. In the two-element case, which 
is recommended, overcoupling was experienced, re¬ 
quiring neutralization as shown. ("Zepp feed" can also 
be used, provided the open end of the feeder is closed 
with a X/4 stub 5 * 10 as recommended by G6CJ.) 

conclusion 

My intention has been to provide guidelines, rather 
than blueprints, for the construction of antennas tai¬ 
lored to suit individual needs. The Claw designs will 
be useful even if the best mast available is only a gar¬ 
den post, and I hope that some who have decided 
regretfully that beams are "not for them" will have 
second thoughts. The null-steering and beam-reversal 
capabilities are particularly useful. In addition to cover¬ 
age of six bands — with "monoband" performance 
on several — Claw elements are particularly suitable 
for use as top-loaded verticals for the lower-frequency 
bands. 
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homebrew antenna mount 


Hand tools and 
standard hardware 
are all you need 
for this project 

A number of years ago 1 visited a ham friend who 
proudly showed me his new tribander. Sitting atop a 
rotatable mast secured to a ground-mounted fixture, 
the antenna could also be lowered so that one could 
work on it comfortably. 

We lived in an apartment then, and the only 
antennas I could install were dipoles for 80 and 40 
meters and a vertical for 20, 15, and 10. Later, when 
we finally bought a home, I found that despite a large 
back yard, power and telephone lines — as well as 
trees we'd planted — put an end to my plans for an 
antenna farm. 

Though finding antennas for 80 and 40 meters was 
no great chore, finding room for a tower or mast was. 
It was then I realized I already had a platform for 
working on my antenna — namely, the gently sloping 
garage roof. I decided I might be able to put up 
something similar to the arrangement my friend had 
shown me years before. 

My plan was to use a push-up mast, supported 
somehow at the bottom, and drive it, with the antenna 
on top, from ground level. I did some shopping for 
parts and spent some time at the work bench; using 
hand tools only (with the exception of an electric drill), 
the result was a mast which has been in use now for 
a dozen years or more, with no problems (Photo 1). 

initial considerations 

One of the first things to realize is that your antenna 
isn't going to rotate at 5000 rpm. It turns very slowly 
(my rotor takes a full minute to turn 360 degrees), and 
hence puts little strain on the bearing you'll use. Aside 
from the inevitable accumulation of dirt, which is easily 
removed with a stiff brush and some paint thinner, I've 
had no problems with the bearing at all. 


I The second thing to realize is that when you have 
everything done, extending the push-up mast with the 
antenna on top of it isn't easy unless you've made 
some advance preparations. Suppose you've acquired 
such a mast; it will probably have three or four 
sections, depending on the height you've chosen. 
Mine has four, and the outside diameter of the lowest 
section is 2-1 /4 inches. The lifting problem isn't one 
of weight, but of having some way of knowing when 
you're reaching the point at which you should stop 
lifting and secure the section with the clamp provided, 
and maybe even drill to pass a 1 /4-inch bolt through 
the two sections if you're a bit timid. 

mast inspection 

Lay the mast out on the ground, fully extended, and 
examine the point at which the smallest section 
emerges from the one below it. 

Although the smaller section of my mast won't sep¬ 
arate from the larger one, there's an illusion at work: 
when you're lifting the smallest section, with the 
antenna mounted on it, you become absolutely 
convinced that at some point the whole thing will pull 
out, leaving you on the roof with 10 feet of mast and 
an antenna in your hands and nothing else to hold 
them. To avoid this, use paint or some other marker 
to warn you when you're just a few inches from the 
clamp-off point. Do this with all of the sections. At 
this point, let me add a caution: whenever you're 
extending or collapsing the mast, wear heavy gloves! 
(i use a pair of leather gardening gloves.) The mast 
sections have a nasty habit of pinching your flesh 
between them. Wear those gloves! 

mounting the mast 

Decide where you'll mount the mast. For aesthetic 
reasons, an exterior garage wall is a good choice; you 
may prefer to attach hardware through to the exposed 
studs rather than to a finished interior or exterior wall 
of your house. 

You'll also have to decide how far off the ground 
the lower end of the mast will be supported. This will 

Howard A. Bowman, W6QIR, 5872 West 77th 
Place, Los Angeles, California 90045 
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Photo 1. Complete installation. 


depend on the length of your rotor, which will hang 
below the ''shelf” you'll build (see photo 2), and 
should clear the earth by a few inches. At this point, 
do one other thing as well: measure the inside diameter 
of the lowest section of your mast. 

Before you,head out to the plumbing supply shop, 
try to visualize what your array of mast, rotor, and 
connecting pieces of pipe will look like overall. A short 
length of pipe should fit snugly inside the lower end 
of the mast. (Though it doesn't have to be an exact 
fit, it should be fairly close.) It should be 5 or 6 inches 
long and threaded on both ends; you'll find it at your 
local plumbing supply house, described as a "nipple.” 
You'll also need two lengths of pipe — one to run from 
the support you'll build to the upper clamp of your 
rotor, and the other to run from the lower clamp of 
the rotor to about a foot below the surface of the 
earth. One end of the upper piece must be threaded. 
Aside from this, it's probably simpler to get one long 
piece and cut it in half yourself. 

You'll also need a reducing fitting. At its larger end, 
it should accept the threads on the nipple, and at its 
smaller end it should accept the threads on the longer 
piece of pipe. Caution: pipe sizes are guaranteed to 


confuse everyone in the world except plumbers. Pay 
no attention to the designated pipe sizes; use a tape 
or a scale and measure everything for yourself. Try 
the mating pieces to be sure they do what they're 
supposed to do. That way you won't encounter 
unwelcome surprises. 

The next step takes place in your own workshop. 
Screw the nipple tightly into the reducing fitting, 
securing it by drilling and tapping for a machine screw 
of some convenient size. (The screw won't bear any 
load, but will keep the two parts from coming apart.) 
Then slide the nipple into the lowest section of the 
mast until the lower edge of the mast section rests on 
the reducing fitting. 

At this point I drilled and tapped for 1/4 inch x 20 
machine screws and used hex-head screws about 1 12 
inch long. This was overkill, but, to some extent, the 
number of screws you use will depend on the snug¬ 
ness of the fit between the lowest mast section and 
the pipe inside it. The idea is to square things up as 
well as you can. If you need four screws 90 degrees 
apart, use them. 

You'll need a bearing with an inside diameter large 
enough to accept the smaller end of the reducing 
fitting. The tapered shoulder of the fitting will ride on 
the inner race of the bearing. I've used two bearings 
— one a standard ball bearing and the other a tapered 
roller bearing. Either does fine. The inside diameter of 
each is 1-5/8 inches, and the outside diameter is just 
a bit over 3 inches. It's important that the slanted 
portion of the reducing fitting fit inside the bearing, 
so take careful measurements or take the fitting with 
you when you shop for the bearing at an establishment 
that stocks new and used machinery. In a pinch, you 
may find one at an automobile junkyard! 

mast and rotor support 

Having come this far, you've done all but the 
drudgery of making some kind of a support for the 
mast and rotor. Mine is made of ordinary 1-1/4 inch 
angle iron, which you can find at any iron fabricating 
shop or even at some large hardware stores. If you 
get it at a hardware store, it will most likely be sold 
in 6-foot lengths; you'll need three of them. If you get 
it from a shop, be careful. Be sure of your measure¬ 
ments, since the cutter may distort the metal where 
the cuts are made, making part of it unusable for your 
purpose. 

In planning your shelf, be sure to consider its height 
above ground and its depth. The shelf must be high 
enough so that your rotor can hang below it with a 
few inches clearance above ground. Its depth depends 
upon the distance your mast will be positioned from 
the wall. In my case, eaves extend 7 inches from the 
wall, meaning that my shelf had to be about 15 inches 
deep to allow the mast to clear the eaves and still 
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provide adequate support. If you have no eaves to 
contend with, you may be able to make the shelf only 
8 or 10 inches deep. (Keep in mind that this dimension 
will have some effect on the amount of angle iron 
you'll need.) 

triangular supports 

The next step is to make two right-angled triangles 
out of angle iron. They should be made so that they're 
mirror images of each other; that is, each should have 
the open sides of the angle iron pieces facing the 
other. One leg of the triangle will extend outward from 
the wall, another will fit vertically against the wall, and 
the third will complete the triangle by extending from 
some point near the outer edge of the horizontal piece 
to some point toward the lower end of the vertical 
piece. 

Start by drilling both the vertical and horizontal 
pieces where they overlap and bolt them together. I 
used 1/4-inch bolts on mine. Use a square to make 
certain that the angles form a 90-degree angle. 
Measure carefully for the third leg, cut it to size, and, 
once again, drill for bolts. Do the same with the other 
three pieces of angle iron, making sure that the open 
sides of the triangles face each other. 

Now, try to mount these triangles — at least 
temporarily — to the wall to which they'll be bolted. 
Once you've decided how far your shelf is to be above 
ground, locate a point on a stud adjacent to where 
you want to mount the antenna. (That point should 
be 2 or 3 inches below the intended level of the shelf.) 
Drill a small hole through from the inside, keeping it 
as close to the center of the stud as you can. Now 
move to the stud on the other side of the intended 
location and drill a similar hole. These holes should 
go all the way through the studs and the outside 
covering of the wall. 

Locate one of the triangles over the small hole, have 
someone hold it there, go back inside with your drill, 
and, using the hole through the stud as a pilot, drill 
into the metal of the triangle at least far enough to 
make a mark. Now both holes can be enlarged to 
accept a 5/16-inch diameter bolt. You can also drill 
another hole in the triangle vertical leg toward its lower 
end. Align things carefully so that the leg is vertical, 
then drill through the wall and the stud for a second 
bolt. 

Studs are sometimes not exactly vertical, so this 
hole may be a bit off center. Don't worry. If the triangle 
is vertical and your bolt has a good bite on the wood 
of the stud, you'll be all right. Use a washer under the 
head of the bolt, and a fender washer (one that is 
larger in diameter), a lock washer, and a nut on the 
inside. 

Locating the second triangle is a bit tricky because 
you want its top and the top of the first triangle to 



Photo 2. Lower support: the shelf. 


be as level as possible. The easiest way to do this is 
to have someone hold the second triangle against the 
wall so that one edge of the vertical leg is beside the 
hole you've drilled through the wall, and so that a spirit 
level across from the first triangle to the second shows 
that both are at the same height. Carefully mark the 
angle iron beside the point at which you've drilled, 
then drill the angle iron for the bolt. Locate the position 
of the second bolt just as you did for the other triangle. 

joining the triangles 

At this point you have two triangles bolted to the 
outside wall of your garage. The next step is to join 
them, using two pieces of the same angle iron. One 
piece should join the outer ends of the triangles, and 
the other will be several inches closer to the wall, 
depending on just where the mast will come. It should 
be midway between these two crosspieces. Having 
located both pieces, and drilled them and the upper 
leg of the triangle to accept 1 /4-inch bolts, secure 
them in place. 

shelf assembly 

You'll note that these two cross-pieces and the 
triangle legs to which they are bolted form a rectangle. 
Find a piece of wood about 3/4 or 1 inch thick and 
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Photo 3. Lower support viewed from different angle. 


cut it to lie inside this rectangle. Then find a piece of 
aluminum about 1/8 inch thick to go on top of it. (I 
used marine plywood for the wood, but a solid piece 
would do just as well.) This assembly — the pieces 
of aluminum and wood — will form the actual shelf. 
Drill them for mounting with 1 /4-inch bolts, but don't 
assemble them yet. With the two pieces clamped or 
bolted together, mark the center by drawing cross lines 
from the corners. This is where the bearing will rest. 
You'll need to drill a hole through both pieces that's 
large enough to clear the inner race of the bearing, 
and any ham who has had to make a hole for a meter 
can cope with this. One precaution: make a small pilot 
hole through both pieces first. You may find that a 
large socket-hole punch will do for the aluminum, and 
an expansion bit for the wood. 

bearing placement 

Once you've made this hole, you can mount 
everything but the bearing. Center the bearing over 
the hole and mark around the circumference of the 
bearing with a pencil. You'll need to devise something 
to make a "fence" around the bearing to hold it in 
place. I used some 1/2 x 1/2-inch aluminum angle 
stock I happened to have. Almost anything will do, 
so use your imagination. You can use small machine 
screws to fasten this fence to the shelf; there's little 
strain on it. When it's complete, the bearing should 
drop neatly into the hole. 

When the bearing is in place, lean over and sight 
down through it to the earth beneath and mark the 
spot with a chip of wood or some other marker. You 
may want to drop a plumb bob down to mark this 
spot; it's where the lower pipe on your rotor will enter 
the earth. 

Your next job is to dig a square hole about a foot 


deep with this point at the center. You can also 
prepare the length of pipe by drilling holes through it 
at a point which will be well below the surface of the 
earth. Run some long bolts through it, leaving them 
so they extend a couple of inches on either side of the 
pipe. Two or three of these should do nicely. 

What will happen, you ask, when you get the mast, 
the various pieces of pipe, the bearing, the rotor, and 
everything else set up on the shelf? Answer: it will all 
failover. To prevent this, you'll need an upper support, 
located directly above the shelf and as high on the wall 
as you can get it. Perhaps "support" is the wrong 
word, since it doesn't bear any load. All it does is hold 
the mast in a vertical position and allow it to rotate 
within a loose collar. 

wall-to-mast structure 

Install a piece of the angle iron horizontally on the 
wall, bolted between the same pair of studs as the 
shelf. Then put the mast up temporarily and make sure 
it's in a vertical position (use a spirit level). You'll 
probably need a helper to make sure the mast stays 
in this position while you measure the distance from 
the wall to the nearest edge of the mast. 

Now, using the leftover pieces of angle iron, you'll 
need to assemble a rectangular structure as deep as 
the distance from the wall to the mast. It needn't be 
as wide as the distance between the studs; mine is 
only 8 inches wide. It must be wide enough, however, 
to accept either a band bent to go around the mast, 
or perhaps a large U-bolt. It should be braced corner- 
to-corner so that it retains its shape, and further braced 
by two supports running from the rectangle down to 
a point on the wall. These last two supports may be 
pieces of the 1-inch strap iron, suitably bent in your 
vise, and bolted to the wall. These bolts needn't go 
through the studs, but remember to put those large 
fender washers on the inside. 

erecting the mast 

Now put the mast up on the fittings you've made. 
Clamp the rotor to the pipe extending below the 
bearing. Clamp the other piece of pipe to the lower 
part of the rotor. Mix up some cement and pour it into 
the hole below the rotor. Go inside, wash your hands, 
and find yourself a good book that will take you a 
couple of days to read while the cement cures. 

guying 

When the curing process is complete, you may want 
to shovel some dirt back over the top of the cement 
block. You'll then be ready to install the antenna on 
the topmost section of the mast. At this point, you'll 
probably recall that your mast was supplied with a set 
of guy rings — one to fit atop each of the larger 
sections. In large part, whether you'll use any at all 


38 M May 1987 




Photo 4, Upper support. 


will depend on how high your mast is, how much 
support you can give it at the bottom, and whether 
experience has told you if you're likely to have a wind 
problem. 

Consider the matter of support at the bottom. My 
lower installation is on a planter, but yours may be at 
ground level. Although I had eaves to contend with, 
you may have none. If your installation allows 
positioning your lower shelf close to the ground and 
your upper support near the top of the wall, you may 
have 7 feet or so between the bearing and upper 
support. (I have 4.) If there are no eaves to force you 
to extend your structures away from the wall, they'll 
be more rigid; you may be able to avoid guys entirely. 

In my case I thought it best to have a set of guys 
at the bottom of the topmost section of the mast. 
Hams traditionally have followed the practice of using 
three guys spaced 120 degrees apart. However, the 
guy rings supplied, for reasons known only to the 
manufapturer, have four holes spaced 90 degrees 
apart, and a fifth hole midway between two of the 
others. It appears not to matter. Just use what you 
can, and don't tighten the guy wires as if they were 
violin strings. Remember, the mast is going to rotate 
inside that guy ring, so leave a bit of slack in the wires. 

installing the antenna 

At last you're ready to install the antenna atop the 
mast. I certainly wouldn't advocate installing a monster 
with a 30-foot boom, but I used to have a tribander 
on the mast, and all went well. My present antenna 
is a 10-meter monobander. Just raise that upper 
section to about eye level, mount the antenna on it 
when you get it clamped off, and do whatever final 
work is necessary while standing in reasonable safety 
and comfort on your roof. 

Once the antenna is mounted, you'll have the task 
of extending the mast. Let me repeat my warning — 
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SOUND OFF MODEL 10 

Sound Off Model 10 is a self-contained mes¬ 
sage generator complete with case and power 
supply. The Model 10 was designed specifi¬ 
cally for applications where repetitive high 
quality natural voice announcements are re¬ 
quired, i.e. Amateur repeater and commercial 
radio systems. The Model 10 stores your 
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LOW BAND DX-ING 
COMPUTER PROGRAMS 

by John Devoldere, ON4UN 
for Apple lle/c, MS-DOS, 
Commodore C-128 Apple Macintosh 
and Kaypro CPM Computers 


Here’s a collection of 30 super programs written 
by ON4UN. Just about every interest or need is 
covered—from antenna design and optimization 
to general operating programs. Antenna pro¬ 
grams include: shunt and series input L network 
design, feedline transformer, shunt network 
design, SWR calculation, plus 11 more! General 
Ham programs include: sunrise/sunset, great 
circle distances, grayline, vertical antenna de¬ 
sign program, sunrise calendar plus 9 more! 
Phew. When you sit down to use these programs 
you’ll be amazed at what you have. Super value 
at a super low price. The best value in computer 
software available today. © 1986. 

□UN-Apple lle/c 

□ UN-MS (MS-DOS) 

□ U N-CPM/Kay pro 

□ UN-C-128 (COMMODORE) 

□ UN-MAC (MACINTOSH) 
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THE DIGITAL NOVICE 

by Jim Grubbs, K9EI 

Now that novices have digital privileges, there 
are thousands of new Amateurs anxiously 
awaiting to get on-the~air. Who's going to 
answer their questions, however? Jim Grubbs’ 
new book, The Digital Novice, is written with 
beginner’s needs in mind. Each of the popular 
digital modes is fully covered with a brief 
history and full description of how it works. 
Hardware and software are covered in clear, 
concise terms. The book finishes with a look 
toward the future. Four appendixes cover; 
Morse, Baudot, AMTOP and ASCII Codes and 
has a glossary full of commonly used but 
misunderstood terms. Great for beginners and 
experts alike. ©1987 1st edition 


□ JG-DN 


Softbound $9.95 


THE PACKET RADIO 
HANDBOOK 

by Jonathan Mayo, KR3T 

Packet radio is the fastest growing mode in 
Amateur operation today. No wonder — it 
combines the power of today’s microcomputer 
with worldwide digital communications. New¬ 
comers will find this book to be full of helpful 
tips, tricks and information that will help get 
them on Packet as quickly as possible. Providing 
you first with packet basics, this book 
progresses through the inner workings and 
operational aspects of packet to a look at 
future technology still in developmental stages. 
Also includes: using bulletin boards, traffic 
handling on packet, modulation methods and 
networking principles, protocols (both AX.25 
and VADCG) and a thorough discussion of the 
various TNCs and accessories available. 
©1987 1st Edition 218 pages. 


□T-2722 


Softbound $14.95 


Please enclose $3.50 to cover shipping and handling. 
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wear heavy gloves! As you push the mast up, you’ll 
find that by pushing the section to one side a bit, it 
will bind enough so that you'll have a momentary res¬ 
pite and will be able to change the position of your 
hands. 

Remember those marks you made on the mast 
sections for later reference? Now they’ll prove their 
value. When you get the top section fully extended, 
clamp it off securely. If you’re using the guy ring at 
this position, be sure to attach the wires to it before 
you raise it out of reach. If you have doubts about the 
efficacy of your clamp, you may even want to drill 
through the overlap between the two mast sections 
and secure them with a 1/4-inch bolt, flat washers, 
and a lock washer. 

The higher you raise the mast, the less secure it will 
seem. Don't worry. Even though what you're lifting 
does indeed get heavier (because there's an extra 
section of mast each time, and the lower sections are 
larger and therefore heavier than the upper ones), 
you’ll find that the load is well within your capacity. 
Of course, if you want to be doubly sure, ask a friend 
to hold the mast while you take a breather, search 
around for the pliers or wrench you've dropped, or just 
stand back and admire what you've wrought. 

final precautions 

One last thought: if you live in an area where the 
climate is less benign than it is here in Southern 
California, you may want to consider some sort of 
protection for the bearing assembly before you mount 
the mast to the nipple. The protective device will likely 
need to be attached, in some fashion, to the lowest 
section of the mast. Some sort of clamp or machine 
screws, with holes suitably drilled and tapped, can be 
used to secure it to the mast. 

ham radio 
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Yagi triangular array 


Somewhat unconventional 
stack performs well 
mechanically and electrically 



Inspired by recent articles on stacking Yagis, I 
decided to improve my 2-meter antenna system, which 
consisted of a single 19-element, horizontally polarized 
Yagi. Before long, I had installed another 19-element 
antenna above it — and with great anticipation, began 
making comparative checks with the new system. 

Because my primary interest is in terrestrial com¬ 
munications, the 2.5- to 3-dB increase in gain didn't 
overly impress me. With a 2 x 2 array in mind, I bought 
two more antennas and started designing an H-frame 
structure. Very quickly, however, I realized how large 
and heavy the completed array would be. I weighed 
the possibilities: a tilt-over tower, with block and 
tackle, would allow access to the array, but would 
probably be unfeasible because of the antennas' size 
and weight. After much soul searching, I decided that 
a stack of four antennas, with the required H-frame, 
would be out of the question. 


I alternate stacking methods 

I have, from time to time, heard mention of the dia¬ 
mond stacking configuration and claims of improved 
performance when compared with conventional 
rectangular stacking. Assuming reports on the 
diamond's performance to be correct, and seeing a 
triangle as half of a diamond, I concluded that a 
triangle would be likely to offer better performance 
than an inline stacked array. 

Unfortunately, oddball stacking geometry such as 
the triangle or diamond has received little or no 
publicity; I've yet to find informative literature on 
anything but the inline stacking methods. (It would 
almost seem that the numeral 3 simply doesn't exist 
in the world of antennas. Instead, the philosophy of 
"double or nothing" seems to prevail.) Nevertheless, 
after due consideration of weight distribution on the 
mast and tower, I concluded that a triangle stack 
configuration — with two horizontally stacked 
antennas located at the lower level of the mast and 
a third Yagi mounted at the top of the mast — would 
best suit my needs. 

Theoretically, three Yagis would provide an addi¬ 
tional 1.75-dB gain over a pair. Subtracting the phas¬ 
ing harness loss from the theoretical value, a realistic 
gain of 4.5 dB over a single antenna should be pos¬ 
sible. What was more important to me at this time, 
however, was what the plotted antenna pattern would 
be. How would it differ from a rectangular stack of 
four antennas?* The only way to find out would be 
to build the triangular array and compare the results 
with published articles on a four-antenna array. 

optimum stacking distances 

The first problem was to determine the optimum 
spacing required between antennas. Available stacking 
data apply only to a pair of antennas stacked in either 
of two unique locations with respect to each other. 
Both antennas must be located on the axis of either 
the E or H plane. Polarization and phasing of both 
must also be the same. 1 * 2 With triangular stacking, 
the two lower antennas would satisfy the above con- 

John C. Cichowski, W2IKP, 167 Emeline Drive, 
Hawthorne, New Jersey 07506 
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ditions. However, the upper antenna is offset, and its 
H plane axis does not fall upon that of either of the 
two below. Consequently, the spacing from it to ei~ 
ther of the two below will differ from dimensions found 
in previous studies. 1 * 2 After a little head scratching, 
it became apparent that non-standard H plane stacking 
dimensions were still useful. 

Visualize, as in fig.1, a pair of vertically stacked 
Yagis evolving through positions into a horizontal 
stack. For example, by keeping the lower antenna 
location and polarization fixed, and swinging the upper 
one through an arc {which defines a locus), while 
maintaining the same polarization as the lower one, 
one ends up with a horizontal stack. Each and every 
point along the locus will locate the movable antenna 
at an optimaf distance from the fixed antenna. Also, 
at some point along the locus, the antenna will be 
equidistant to either of the two lower antenna 
positions {see fig. 1). 

E and H optimum spacing differs 

If optimum spacing for E and H plane were identical, 
the locus would be a 90-degree arc of a circle, with 
its radius equal to the optimum spacing dimension. 
However, the E and H plane optimum values are not 
equal, and studies have shown that optimum spacing, 
in a particular plane, depends on beamwidth in that 
plane. The greater the beamwidth, the closer the 
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Price 

XF-9A 
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2,4 kHz 

5 

$53.15 

XF-9B 
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8 

72.05 
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8 

95.90 
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8 
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4 
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Export Inquiries Invited Shipping: $3,75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands. 

RECEIVE LINEAR 
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MMk 1691*137 269.95 MM| 1296-1440 369 95 
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MML 
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zm " ,2t 

I0XY-2M $74 95 LOOP Y AGIS 

1268-LY $49.9 

J 5 H 1296-LY 49.9 

7O/M0M48 64 95 1691-LY 59 9 

DY20 8 900 8 MH Z it 0,der l0 °P veal connector extra 

Send 66C (3 stamps) for full details of all our VHF & UHF equipments and KVG crystal 
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How about an attractive BASEBALL style cap 
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I.D. BADGES 

No ham should be without an I D. badge 
It's just the thing for club meetings, 
conventions, and get-togethers, and you have a 
wide choice ol colors. Have youi name and call en¬ 
graved in eitner standard or script type on 
one ol these plastic laminated I D badges 
Available in ihe following color combinations 
(badge/lettenng) white/red. wood- 
gram/white. blue/white, while/hlack, 
yellow/blue, red/while, green/white, metallic 
gold/hiack, metallic silver/black 
iUID Engraved I D. Badge $2.50 
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fig. 2. Detail drawing of the horizontal H-frame 
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spacing. 1 The one feature all Yagis seem to have in 
common is greater beamwidth in the H plane than in 
the E plane. Consequently, H plane spacing will be less 
than the E plane's. The locus in this case is an arc of 
an ellipse. (To visualize an ellipse, picture a hoop 
rotated about its diameter and viewed at an angle.) 
Put into usable terms, E plane spacing is the value 
recommended by Joe Reisert, W1 JR 1 and Steve Pow- 
lishen, K1FO. 2 Their tabulated data includes the most 
popular antennas in use today. The vertical stacking 
dimension is 86.6 percent of the optimum H plane 
dimension or S = 0.866 Sh where Sh is the optimum 
H plane stacking dimension recommended for inline 
stacking. 1 2 

horizontal H-frame construction 

Horizontal stacking of horizontally polarized 
antennas requires the use of dielectric material in the 


immediate vicinity of the Yagi elements. A minimum 
distance of 1/2 wavelength of metal-free structure is 
recommended, or 1/4 wavelength beyond the active 
element tips. 3 Detail drawings for the structural parts 
used to assemble the H-frame are shown in fig. 2. The 
Cushcraft A32-19 antennas used in the Yagi triangle 
normally require boom supports supplied by the 
manufacturer; these are not necessary when mounted 
on this horizontal H-frame. The upper antenna, how¬ 
ever, must be mounted in accordance with the 
manufacturer's recommendations (see fig. 3). Within 
reasonable limits, variations in frame design are 
certainly permissible. 

If antennas other than those shown are used, 
changes in the overall length of items 1 and 2 might 
be required. Should it be necessary to make such 
adjustments, remember that the fiberglass support 
arms of the H-frame must be located midway between 
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the director elements of the antennas as shown 
in fig. 3. 

material sources 

I made use of readily available material. A local metal 
fence supply dealer stocked aluminum pipe and was 
also equipped with Heliarc welding facilities, which 
became very useful while constructing the H-frame. 
The 1-1/2 inch diameter fiberglass tubing, available in 
5-foot lengths and used for satellite antenna work, was 
purchased from my local Amateur Radio dealer. 

Because the inside diameter of the 1-1/2 inch 
aluminum pipe measures slightly more than 1-1/2 
inches, it was necessary to shim the fiberglass tubing 
with glass filament tape to achieve a tight fit. The 
assembled frame and the three Yagis mounted on top 
of the tower are shown in fig. 3. All that remained 
at this point was choosing a feedline and deciding on 
a power divider method. A 50-ohm impedance, 
7/8-inch hardline had already been installed with the 
previous array. The phasing harness and feedline 
around the rotator used more flexible RG-8U. 

Use good quality cable for the harness. Each leg 
must be cut to equal electrical lengths, preferably from 
the same run of cable. Each antenna must be parallel 
to the others — elements as well as booms — and the 
most forward director element of all three Yagis must 
be located within the same vertical plane. Otherwise, 
the wavefront launched by any one individual antenna 
will be out of phase with the others, resulting in lower 
gain, greater sidelobes, and possible multipath 
propagation. Phasing lines, besides being equal in 
length, should be kept as short as possible, especially 
at higher frequencies. Mounting the power divider as 
shown in fig. 3 allows shorter harness leads. 


three-way power divider 

Obtaining a three-way power divider meant build¬ 
ing one from scratch, because I couldn't locate any 
commerical units. So I went back to the books and 
set off on a thorough search of local supply houses’ 
for appropriate hardware. 

To my knowledge, two methods for power splitting 
are commonly used. Most popular is the trans¬ 
formation of impedance by the use of a single 1/4 
wavelength of coaxial transmission line. A common 
input port is located at one end and the required num¬ 
ber of output ports at the other end. The characteris¬ 
tic surge impedance is determined as the mean value 
between transmitter output impedance and the parallel 
combined load impedance presented by the three an¬ 
tennas. Manufacturers of communications equipment 
have standardized their products for use with 50-ohm 
coaxial line. This simplifies the mathematics to deter¬ 
mine power divider impedance when using more than 
one Yagi. Reduced to its simplest form, the equation 
for characteristic surge impedance for the above pow¬ 
er divider becomes: 4 8 


Z a = 50 

\Jn \fn 


m 


where n = number of antennas in array, Z Q = 
impedance of each antenna and equals the transmit¬ 
ter output impedance of 50 ohms. 

Using eqn. 1, the characteristic impedance is: 

Z = .—- = 28.9 ohms 


To determine the proper diameter ratio for coaxial line 
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fig. 4B. Details of 144-MHz three-way power divider. 


with the above impedance, the following relationship 
is used: 


a/b - am Hog 


Z 
138 


1.62 


a - Inside diameter of outer conductor 
b = Outside diameter of inner conductor 
Z = Characteristic surge impedance of coaxial line in 
the power divider. 
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The above diameter ratio (a/b) can be closely satis¬ 
fied by using standard 3/4-inch diameter copper 
plumbing tubing (which actually measures 7/8 inch di¬ 
ameter) and 1-1/2 inch diameter brass tubing with 
0.02-inch wall, normally used for kitchen sink drains. 
It can be purchased without the usual nickel plating 
at most plumbing supply stores. 

To cap each end of the 1/4-wavelength line, it's 
necessary to machine 1-1/4 inch NPT brass cleanout 
plugs and end caps to the dimensions shown in the 
detail and assembly drawing for the three-way power 
divider (fig. 4). 

Suitable connectors for this application are the 
familiar UHF type with 1/2-28 thread mounting capa¬ 
bility. Amphenol 83-875 or equivalent can be used. By 
removing the snap ring, the connector can be disman¬ 
tled and soldered to the body of the divider. Other¬ 
wise, excessive heat will destroy the insulator insert.* 
To simplify assembly, it was necessary to include what 
at first would seem to be two unnecessary steps: first, 
the addition of a banana plug and jack at the input 
end of the line, to allow for adjusting the position of 
the inner conductor when you're soldering to output 
ports; and second, the drilling of three tapped holes 
(1/2-28) at the output end to hold coax connectors 
in place while you solder them to the 1-1/2 inch di¬ 
ameter brass tubing. 

The power divider shown in figs. 5 and 6 is the 432 
MHz version of the above. Also, a scaled-down H- 
frame for a 432-MHz Vagi triangle is shown in fig. 7. 
(Although the antennas shown aren't representative 
of 144-MHz proportions, the reader may find the 
photos helpful nevertheless.) For further harness de¬ 
tail, see fig. 8A. The alternate power divider method 
(fig. 8B) requires 86.7-ohm impedance transformation 
sections of coaxial line in each leg of harness to the 
antennas. 

Z = z 0 \!n 13) 

A 1 /4 wavelength of RG-62/U cable whose impedance 
is 93 ohms should work well. However, transmitter 
power must be limited to a couple of hundred watts. 
With higher power, use of RG-63/U is recommend¬ 
ed. The velocity factor for both cables is 86 percent, 
which makes the overall length (including connectors) 
of the 1/4-wavelength sections 17 inches. 

A three-way "T" junction must be used at the feed 
point. A weathertight metal junction box with closely 
spaced coaxial connectors will easily satisfy the short 
junction lead lengths required at the distribution point. 
A variation of the above division method is shown in 
fig. 8C. The three 1 /4-wavelength sections as well as 
the three 50-ohm harness cables are replaced with 
equal lengths of RG-62/U. The three lengths, 
however, must be odd multiples of 1/4 wavelength 
each. 



fig. 5A. Three-way power divider before assembly. 



fig. 5B. Three-way power divider output ports. 



fig. 5C. Dismantled Amphenol coax connector. 


Before connecting the harness to the power divider, 
best results will be obtained if each antenna is 
separately adjusted for best SWR using that leg (i.e, 
the same length) of feedline intended for the harness. 

After adjustments have been made, connect the 
power divider to the antennas and feedline. Measure 
the SWR of the assembled array. In some cases, the 
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fig. 6, Assembled three-way power divider. 



fig. 7. Horizontal H-frame for 432-MHz Yagi triangle. 


final SWR measurement will appear to be better than 
that of the individual Yagis. Offhand this would seem 
to indicate an improvement to the system; however, 
this may not necessarily be so since the SWR 
measurements, other than 1:1, simply indicate the 
presence of a reactive load. The reactance, which can 
be either inductive or capacitive, depends upon how 
far the operating frequency is from the center 
frequency of the antenna and on the adjustment of 
the matching device at the individual antennas. 4 The 
inductive reactance of one antenna can cancel out, 
in part or completely, the capacitive reactance of 
another so that the resulting sum can be less than that 
of the individual antenna. Other than becoming more 
broadband (i.e., having lower Q), this does not imply 
that gain performance of the stacked array will be 
enhanced in any way. The SWR, as previously 
measured at the individual antennas, still exists and 
should be adjusted for the lowest ratio attainable or 
the maximum forward gain will be degraded 
accordingly. Once assured that the individual as well 
as the overall system SWR measurements are 
satisfactory, the Yagi triangle is ready for use. 

E plane plot 

The E plane plot shown in fig. 9 indicates a half- 
power, 15-degree beamwidth. This was determined 
by the 48.5-percent method described by Gunther 
Hoch, DL6WU. 2 A comparison of the £ plane plot of 
four stacked NBS-17 antennas with that of the Yagi 
triangle shows very little variation. 2 In fact, the front- 
to-back response seems to be better with the triangle. 
This might be attributed to the trigon reflectors on the 
Cushcraft A32-19 antennas used in the Yagi triangle. 





fig. 8. Alternate power divider and harness methods. 
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□ PQ-40U $29.95 

Please enclose $3.50 shipping and handling 

radio 

GREENVILLE, NH 03048 


BOOKSTORE 
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fig. 9. E plane plot. 

No attempt was made to plot the H plane pattern, 
since no facilities to do so were available. It's my guess 
that the pattern would very much resemble that of two 
vertically stacked A32-19 antennas. Since I expect to 
duplicate the Yagi triangle at higher frequencies in the 
near future, a smaller array will be more manageable 
for the setup required to make H plane measurements. 

antenna rotators and resolution 

As the gain of a beam antenna system is increased, 
the beamwidth gets smaller until the point at which 
the resolving capability of the rotating system reaches 
a practical limit. 

Most rotators available for Amateur use are geared 
to rotate at 1 rpm. The indicator on the control unit 
is graduated in divisions of 5 degrees. This means that 
rotation occurs at a rate of 6 degrees per second, or 
to put it in more dramatic terms, /ess than one sec¬ 
ond per division, A 15-degree segment (three divisions) 
will be scanned in 2.5 seconds. 

To fix a beam heading, the antenna rotation 
between first nulls on either side of the main lobe 
shouldn't take less than 5 to 6 seconds. A main lobe 
with 15-degree beamwidth will have approximately 30 
degrees between first nulls. Therefore, 1-rpm rotators 
will perform at the limit of their resolution capability. 
Antennas with beamwidths less than 15 degrees 
should be rotated with slower-speed devices. Aircraft 
prop-pitch motors are often used for this purpose. 
Manufacturers of one or two commercial rotators 
available for Amateur use claim dual speed, but the 
load capability of these units isn't sufficient for the size 
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of the 144-MHz antenna array that would require the 
lower speed. 

Used with 1-rpm rotators, antennas with less than 
15-degree beamwidth require rocking the rotation back 
and forth several times to attain true beam heading. 
The problem is further compounded because of play 
(backlash) inherent in all such devices. 

Still another resolution gremlin is the inertia that 
builds up during antenna rotation, causing long-boom 
Yagis to whip laterally when rotation is suddenly 
stopped. Many of these antennas have boom braces 
to keep them from sagging. However, the brace does 
little or nothing for the side motion. Heavy gusts of 
wind will also cause lateral flexing with these antennas. 
Though the two lower antennas of the Yagi triangle 
aren't prone to this problem because of the H-frame 
construction, the upper antenna does occasionally do 
a little dancing. Polypropylene guys from the upper 
antenna to the H-frame should remedy this problem. 

Rotation at 1 rpm seems like a long enough period 
of time for a complete 360-degree turn of the antenna, 
and many of us — myself included — wouldn't relish 
the thought of extending the time. Therefore, anfenna 
arrays with beamwidths of 15 degrees, or perhaps by 
stretching a point or two, even 14 degrees, should 
satisfy the resolution capability limits of 1-rpm rotators. 
This Yagi triangle is such an antenna. 

performance 

The triangle-stacked Cushcraft A32-19 antennas 
certainly perform better than the original dual stack. 
The theoretical 1.75-dB increase in signal seems to 
mock the theoretical 3 dB originally obtained while 
using the dual stack. QRP signals, unheard before, are 
now Q5 copy. Reports on my signal are almost always 
complimentary. 

Raising or lowering the tower with the triangle stack 
is a one-man operation. Repeated inquiries about the 
triangle stack seem to indicate that others would like 
to give it a try. Anyone interested in a totally different 
approach for stacking Yagis will find building the Yagi 
triangle a worthy and rewarding effort. 
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TECHNIQUES 


ham radio techniques 

In the northern areas, winter is 
almost over and signs of spring are in 
the air. It's a good time to think about 
antenna systems. A lot of interesting 
antenna concepts have just been wait- 
ing for some good weather to set in! 
Here are some interesting projects for 
you to consider .... 

inexpensive base station 
antenna for 2 meters 

I think Fred Dietrich, NM6J, has 
come up with a winning 144-MHz 
antenna that has decent gain and a 
low SWR, and costs very little to con¬ 
struct, Shown in fig. 1 . this verti¬ 
cal, omnidirectional array is only about 
6 feet tall. The antenna structure is 
made of a length of 3/4-inch Sched¬ 
ule 40 (thick wall) PVC water pipe. The 
overall pipe length is long enough so 
that the antenna can be supported by 
clamps at the base end. For this par¬ 
ticular installation, an 8-foot length of 
PVC was selected. The top of the pipe 
is closed with a PVC cap cemented in 
place using the liquid sealer that ap¬ 
plies to such material. 

The radiating portion of the anten¬ 
na is a No. 12 copper wire 51.75 inches 
long. Enough extra wire is added to 
this length to allow it to be attached to 
the cap with PVC cement and to form 
a solder connection to the coax line at 
the base of the antenna. 

Two phasing sleeves are used. 
They're made of galvanized hardware 
cloth folded around the PVC pipe and 
wrapped with wire to hold them in 


place. Each sleeve is 17.25 inches long. 
The retaining wires are soldered to the 
hardware cloth at several points 
around the circumference.* 



A short jumper wire joins the top of 
the upper screen to the antenna wire 
running inside the PVC tubing. It is 
suggested that this wire be soldered to 
the antenna wire and then fished out 
through a small hole drilled in the PVC 


wall. If this and the following step are 
done before the top PVC cap is fasten¬ 
ed in place, the assembly will proceed 
smoothly. 

A second phasing sleeve is affixed 
to the structure below the first, as 
shown in fig. 1. This s/eeve is connect¬ 
ed to the outer shield of the coax line 
by means of a short length of wire in¬ 
serted through a second hole after the 
antenna wire has been passed within 
the PVC pipe. After assembly, the 
holes are filled with cement to make 
the assembly waterproof. 

The antenna is mounted in a verti¬ 
cal position and the coax line is 
brought down directly below the an¬ 
tenna. A VSWR plot representative of 
the antenna's performance is shown in 
fig. 2, 

a “rubber duckie" for 160 
meters 

The ham who lives on a small, tree¬ 
less lot faces a real problem when con¬ 
templating 160-meter operation. One 
solution to this problem is a vertical 
antenna. But a quarter-wave vertical 
antenna on "top band" is over 130 feet 
high. Joe Moraski, KY3F, has a solu¬ 
tion to the problem. He recommends 
a helix antenna operating in the nor¬ 
mal mode — that is, a coil with a small 
diameter compared to the operating 
wavelength. Maximum radiation is 
normal to the axis, hence the name. 
This is the same mode of operation as 
that of the 2-meter "rubber duckie" 
antennas used on handhelds. _ 

^Though more expensive copper-based hardware cloth 
would maintain its electrical properties longer. — Ed. 
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Photo 1. Base assembly of the KY3F verti¬ 
cal antenna for 160 meters. Final frequen¬ 
cy adjustment is made by varying number 
of turns at the bottom of the helix. 

There are no hard and fast rules 
about the length or diameter of the 
helix. The rule of thumb is that about 
a half-wavelength of wire is used to 
make the helix. 

Antenna size is a matter of trade¬ 
offs. The shorter and thinner the helix, 
the narrower the bandwidth. The long¬ 
er and thicker it is, the harder it is to 
build and keep up in the air! A shorter 
helix is less efficient — consequently, 
the longer the better. 

Since the helix bandwidth is narrow, 


a top hat is added to reduce antenna 
Q and add capacitance at the high 
voltage point. The resulting reduction 
in circuit Q causes the feedpoint im¬ 
pedance at the antenna base to vary 
less rapidly with frequency change 
than the unloaded antenna. This 
means that the antenna can be used 
over a larger portion of the band than 
would otherwise be possible. 

By experiment Joe found that a 



20-foot antenna was a good operating 
compromise. Accordingly, he used 
two 12-foot sections of 4-inch di¬ 
ameter PVC water pipe cemented 
together to make a 24-foot mast. He 
wound No. 18 insulated hookup wire 
on it at ten turns-per-inch spacing. 
This helix, in combination with a 
screen wire capacitance hat on top, 
resonated in the 160-meter band when 
operated against a ground rod and 
- quarter-wave counterpoise wire run 
around the backyard. Four 30-foot 
radials were added. A sketch of the an¬ 
tenna is shown in fig. 3. 

The construction is simple if done in 
the proper sequence. The first step is 
to drill holes for the end tie bolts that 
terminate the winding. The holes are 
10 feet apart. Galvanized bolts are 
used, with washers on each side of the 
PVC pipe. With a tape measure and 
felt-tip pen, make small marks at 
1-inch intervals between the bolts. 

Next, fasten an eye-lug to one end 
of a 140-foot length of No. 18 insulat¬ 
ed wire. Fasten the lug to one bolt and 
wind the coil on the PVC pipe, using 
the pen marks as a guide — one turn 
per mark. Use tape to hold the coil in 
place as you progress along the form. 

Wind the wire as tightly as you can 
and when you reach the second ter¬ 
minating bolt, cut the wire and place 
an eye-lug on the end that will fit over 
the bolt. 

With the winding properly spaced, 
run a bead of RTV along the length of 
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pipe over the coil turns to lock them 
in place. 

You have now completed half the 
antenna. Now, wind a second similar 
coil on the second section of PVC 
pipe, making sure that both coils are 
wound in the same direction (left- or 
right-hand turns, but be sure they're 
both the same). 



I FT. x4 FT. STIFF WIRE SCREEN. 
1/2 INCH MESH OR ORYWALL 
SCREEN. FORM INTO LOOP WITH 



fig. 5. Top Hat assembly. 




Photo 2. View of winding and capacitance 
hat on KY3F helix antenna. 

The two pipe sections are now 
joined with a plastic pipe splice section 
and PVC cement. Align them quickly 
and let the joint dry (fig. 4). Some PVC 
pipes have a built-in coupling joint — 
nice if you can locate one. For added 
strength, run four No. IQ self-tapping 
sheet metal screws through the joints 
where the PVC pipes and splice sec¬ 
tion overlap. Finally, connect a wire 
jumper between the two coils to form 
one 20-foot coil. 

The next step is to make the "top 
hat." A section of 1 /2-inch mesh 
chicken wire or drywall screen can be 
used. Wrap it into a cylinder about 1 
foot in diameter and 4 feet long. Solder 
the overlapping wires. Drill the cap 
piece of the antenna for a No. 10 bolt, 
which is bolted through the overlap 
portion of the top hat. Use large wash¬ 
ers on each side of the screen to en¬ 
hance stability. Then run four No. 18 
sheet metal screws through the screen 
and cap to keep the screen from turn¬ 
ing or buffeting in the wind (see fig. 
5). 

The final step is to attach the top hat 
to the top of the helix with a jumper 
wire. Glue the top hat in place and 
pass four sheet metal screws through 
the hat to hold it securely to the PVC 
pipe. 
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Photo 3. Joe, KY3F, standing beside his 
160-meter "Rubber Duckie." 



t (MHt) 

fig. 7. "Rubber Duckie" for 160 meters 
has 2:1 bandwidth SWR over 110 kHz. 
Antenna was adjusted for 1340 Hz. 


Dig a 3-foot hole for the mounting 
post. Wrap the portion of the post that 
will be beneath the surface of the 
ground with heavy kitchen-type alumi¬ 
num foil. A double wrapping held in 
place with plastic tape will protect the 
post from ground water. After the 
sides and bottom of the post have 
been wrapped, place the antenna in 
the hole and drive a ground rod into 
a corner of the hole, as far down as 
possible. Fill the hole with concrete, 
using a level to make sure the post is 
vertical. 


To make the pivot joint, insert a sec¬ 
tion of 2x4 lumber within the PVC tub¬ 
ing. Fasten this extension to the 4x4 
ground post with one lag bolt, used as 
a pivot. (See fig. 6for details.) Bolt the 
2x4 and 4x4 together, with the 2x4 in 
a vertical position. Then raise the an¬ 
tenna to a vertical position and drop 
it down over the 2x4 section. When 
the antenna is in the final position, it 
will sit atop the 4x4 post with the 2x4 
section acting as a positioning guide. 
Various views of the installation are 
shown in the accompanying photo¬ 
graphs. 

When completed, the radials and 
outer shield of the coax line are con¬ 
nected together and the inner conduc¬ 
tor is connected to the helix by a short 
length of wire. The open end of the 
coax is taped and covered with RTV 
to keep water out. 

As shown, the antenna is resonant 
at the top end of the 160-meter band. 
Four close-spaced turns were added at 
the bottom of the antenna to bring the 
resonant frequency down to 1.94 
MHz. By picking the part of the band 
you wish to use most and adjusting the 
extra turns at the antenna base, you 
can resonate the antenna at any spot 
in the band you wish. SWR plots of 
Joe's antenna are shown in fig. 7. 

Joe says the helix seems stable 
without any guy ropes, but recom¬ 
mends that ropes be added if the an¬ 
tenna is in an exposed, windy location. 
Light nylon guys would do the job. 

ham radio 
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COMMODORE 64 
LADDER NETWORK 
ANALYSIS PROGRAM 
"ALADYN-64" 

This program is a menu-driven design 
tool with a built-in circuit file editor, 
fast calculations and graphic output to 
either the screen or printer. Useable 
for circuits which operate from VLF 
through Microwave, Circuit elements 
include R's, L’s, C’s, transmission 
lines, transistors and FETs. Output 
format rectangular or Smith chart. 

$59.95 PPD. Check ar M.O. 
INTERCEPTOR ELECTRONICS INC. 
ROUTE 1, BOX 439, ROUND HILL. VA 
22141-9307 PHONE(703)338-4905 
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f BATTERY MEMORY ADAPTER 

for 

KWM-380 TRANSCEIVER 



• Easy installation 

• WARC frequencies 

• No board modifications 

• Plugs into ROM socket 

• Battery sealed in memory 1C 

• Ten year battery life 

• All memories and A/B VPO saved 

• Top quality construction 

• $149 (shipping com. USA included) 

• SASE far flyer <(- Special Price 

Kiron Corporation, 1516 Essex Road 

Columbus, Ohio 43221 ^ 147 
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Invitation to 
Authors 

ham radio welcomes manu¬ 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid¬ 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). 



May 1987 


61 































tebook 


a 2-meter halo antenna 

After obtaining a 2-meter multimode 
radio and operating it mobile for a 
short time, I came to a conclusion: 
2-1/2 watts output and a 5/8-wave 
vertical wasn't good enough. 

I decided to improve the antenna 
first; I could install my small 80-watt 
amplifier later for long trips. I decid¬ 
ed to build a 2-meter halo since I'd 
worked several mobile stations who 
were using them, and they seemed to 
do a good job. 

construction 

The halo is a half-wave dipole bent 
into a circle (fig. 1). To make the in¬ 
sulator mounting block (fig 2), cut a 
piece of 1/2-inch thick plastic into a 
2-1/2 by 3-inch rectangle. Cut a slot 
and drill the holes as shown in fig. 2. 

The driven element or dipole is made 
from a 38-inch long, 3/8-inch diameter 
piece of copper tubing. Mark the cen¬ 
ter of the piece of tubing and bend it 
into a hoop measuring 12 inches in di¬ 
ameter. Drill a 9/64-inch hole at the 
top of the center mark on the dipole 
element. Secure the dipole element to 
the mounting block by inserting a 
screw through the dipole element and 
mounting block. Fasten with a lock- 
washer and nut. Insert a small piece of 
5/16-inch diameter wood dowel into 
the ends of the halo element, leaving 
a 1-1/2 inch gap between the tubing 
ends. This completes the main element 
of the halo (see fig. 1). 

To assemble the rest of the halo, 
refer to fig. 3. Mount the small plastic 




- 9/64 01A. HOLE FOR 
MAST CLAMP 


(not metal!) box under the insulator 
mounting block. 

Following the details shown in fig. 
3, drill the holes in the box and install 
the coax connector and gamma match 
capacitor. A variable capacitor of 
about 35 pF will work fine. 

A 6-inch length of 3/8-inch diameter 
copper tubing is used for the gamma 
rod. Bend it around the halo's element 
to form it into a slight circle. Make a 
shorting bar now so you can secure 
the gamma rod to the halo antenna. 


(Any kind of easily bendable metal will 
work.) Be careful to keep the spacing 
between the gamma rod and dipole 
element to about 1-3/4 inch. 

Insert one end of the gamma rod 
into the gamma match box and install 
the shorting bar on the other end. 

Lay the halo on its side, with the 
open end of the gamma box facing up. 
Apply some 5-minute epoxy around 
the gamma rod and let it dry. Your 
halo is now finished and needs only to 
be tuned. — j { /w> 
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1987 

CALLBOOKS 



The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Callbook lists the calls, 
names, and address information for licensed 
amateurs In ail countries from Canada to 
Panama Including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S. possessions. 

The international Callbook lists the 
amateurs In countries outside North 
America. Coverage includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement is a new Idea 
In Callbook updates; It lists the activity In 
both the North American and International 
Callbooks. Published June 1, 1987, this 
Supplement will Include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks Is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 

Incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.00 

□ International Callbook 

Incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

Incl. shipping within USA $13.00 

Incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & international Callbooks 

Incl. shipping within USA $53,00 

Incl. shipping to foreign countries 58.00 


Illinois residents please add 6Vs% tax. 
All payments must be In U.S. funds. 


RADIO AMATEUR 


callLi 
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INC. 



Dept. F 

925 Sherwood Dr., Box 247 
Lake Bluff, l L 60044, USA 


Teh (312) 234-6600 




fig. 3. Matchbox details. 


tuning 

Mount the halo 5 to 6 feet above the 
ground or temporarily attach it to your 
car. Adjust the spacing on the driven 
element for minimum reflected-power 
indication. (Mine was lowest at an 
11/16-inch spacing.) Do the same for 
the shorting bar, sliding it back and 
forth along the gamma rod. (My low¬ 
est SWR was 1 inch from the end of 
the gamma rod.) The final adjustment 
is made by tuning the gamma-match 
capacitor for minimum reflected power. 
My final SWR is 1.2:1 on the halo. 

Remove the halo and seal the gam¬ 
ma match box. Plug the end of the 
gamma rod with RTV or epoxy. Coat 
the wood dowel spacer on the driven 
element with epoxy; this will water¬ 
proof it and keep it from slipping. The 
last step is to spray paint the assembly 
with a nonlead-based paint. 

The 2-meter halo has increased my 
range significantly. While on vacation 
in Oklahoma, I worked West Virginia, 
New Jersey, and Maryland during an 
E opening. (My normal range is 50 to 
100 miles with only 2-1/2 watts.) 


One final word of caution: if you 
build and mount the halo, be prepared 
for lots of stange stares and questions. 
You'll get plenty of them. 

Jerry Felts, NR5A 

ham radio 


short circuit 

MMIC multiplier chains 

In fig. 5 of N6JH's article, "MMIC 
Multiplier Chains for the 902-MHz 
Band" (February, 1987, page 72), all 
values indicated as "jiF" should be 
corrected to read "pF." Note too that 
coil LI, which can be seen just to the 
left of the crystal and directly above 
the partially meshed plates of the vari¬ 
able capacitor (fig. 7), is not the same 
as the coils in the multiplier. LI, which 
is five turns of No. 24 (AWG), is air- 
wound with an interior diameter of 
about 0.2 inches — this dimension is 
not critical because only broad reso¬ 
nance is needed to select the correct 
crystal overtone. 
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a no-compromise, 

multiband, low-VSWR dipole 



Back-to-basics design 
uses capacitor divider/balun 
for high-efficiency operation 

In searching for an effective, balanced feed sys¬ 
tem for a dipole, I developed an antenna that's effi¬ 
cient, exhibits low VSWR across several bands at the 
same time, and meets my original objectives. Patent¬ 
ed under the title, "Dipole of Delight," its design is 
based on the use of a capacitive balun at the center 
of the dipole. 1 * 2 3 

The use of capacitors at the midpoint of the dipole 
allows the resonance currents in the dipole to reach 
larger amplitudes than are possible when the 50-ohm 
cable impedance is present as a series resistance. 
Apart from the copper loss, the principal limitation of 
resonant currents is the radiation loss. For this reason 
the capacitor dipole is highly efficient and has a very 
wide bandwidth. 

Before studying the details, one should review the 
problems associated with the traditional half-wave 
dipole (see fig. 1), which are chiefly: 

• an unbalance that causes an undesirable current on 
the outside of the shield results in higher levels of elec¬ 
trical noise from local sources on receive, and on trans¬ 
mit provokes annoying rf voltages at the transceiver 
{i.e., microphone feedback or finger burns); and 

• matching problems between free-space impedance 
(377 ohms), a typical traveling wave on a wire dipole 
(800 ohms), and the feedpoint impedance of a half¬ 
wave dipole, said to be 73 + j 42 ohms. 4 

The first problem experienced with the conventional 
dipole has traditionally been solved by using a bal¬ 
anced feedline or a transformer balun. Unfortunately, 


use of a transformer brings its own problems: increas¬ 
ed weight; the possibility of saturation and harmonic 
generation; or introduction of even more inductive 
reactance, from its leakage reactance, which neces¬ 
sitates shortening the antenna more than the cus¬ 
tomary 5 percent to achieve resonance. 

The next step involves replacing the dipole with its 
equivalent {resonant) circuit as seen at its center where 
the voltage is least and the current is maximum. See 
figs. 1, 2, and 3. 

The magnitude of the various components are: 



where Z 0 = traveling wave impedance 
where L = inductance per meter 
and C = capacitance per meter 
traveling wave velocity 

v = — 

Vlc 

Rearranging terms, the impedance exhibited by a wire 
can be expressed in terms of velocity and capacitance 



I Because the velocity of a traveling wave on a wire in 
air is almost equal to its free-space velocity {3 x 10 s 
m/s) and the capacitance per meter of a 2-mm {0.08 
inch) diameter wire is approximately 4.17 pF, then this 
same 2-mm diameter wire impedance is: 

Z () = -—- = 800 ohms 

3 x 10* x 4.17 x io~l2 

The circuit can be considered to consist of two equal 
and opposite sign reactances {800 ohms) that corres¬ 
pond to two oppositely traveling waves, and a shunt 

Maurice C. Hately, GM3HAT, 1 Kenfield Place, 
Aberdeen AB1 7UW, Scotland, UK. 
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resistance that represents total losses (mainly attribut¬ 
able, one would hope, to radiation into space). The 
half-power bandwidth of a half-wave dipole is 9.3 per¬ 
cent of the nominal resonance frequency. 5 Q is the 
reciprocal of the percentage bandwidth or equal to 
1/0.093 =10.7 (for a length-to-diameter (L/D) ratio 
of 10,000 and a height above ground of A/4). The 
shunt loss resistance value (i.e., radiated power) in par¬ 
allel resonance is reactance times Q or 800 x 10.7 = 
8.56 k. On the other hand, the series equivalent “loss" 
resistance (series resonance) is 800/10.7, or approxi¬ 
mately 73 ohms. Figure 4 shows the complete paral¬ 
lel equivalent circuit. Figure 5 shows the next 
progression, developed by splitting all three terms, 
which enables one to place at this location a virtual 
ground or balance point. Next, fig. 6 shows the actu¬ 
al induction field couplings which exist from end to 
end. M shows the magnetic field and E shows the anti¬ 
phase electric field coupling. (The electric field has two 
180-degree out-of-phase components that are at the 
same time out of phase with the current maxima and 
magnetic field. In other words, the energy stored in 
the resonant system of the antenna has either most 
of its energy in the electric field, ora quarter of a cycle 
later in time, in the magnetic field.) These are not small 
effects — in fact, they are considerable and must 
therefore always be taken into account. 

If Kraus had drawn the half-wave dipoie in this way, 
he would have shown it as it appears in fig. 7. 4 The 
extra ~j42 ohms required for resonance, and the neces¬ 
sity for some balun in order to properly feed the coaxial 
cable, led me to decide to put in series two equal-value 
capacitors of -j21 ohms reactance and to feed the 
power across one of them as shown in fig. 8. The 
coaxial shield is now connected to the electric field 
center of the antenna. When first tried, this arrange¬ 
ment immediately showed promise in the removal of 
most of the local hash from machines, TV sets, and 
computers. But the VSWR on the feeder could not 
be reduced below 2:1 no matter what value capaci¬ 
tors were tried, or at which length or frequency the 
antenna was operated. Some of the problems must 
have been attributable to the unwarranted connection 



fig. 6. Equivalent circuit with accompanying symmetrical 
field. 












~i37$ -,379 



fig. 7. Symmetrical equivalent circuit with losses trans¬ 
formed to feed point. 


of a capacitor of only 21 ohms across a 50-ohm feed¬ 
er. It turns out that there are two solutions to this prob¬ 
lem: you can install a series inductor before the 
capacitor (see fig. 9) or use a second resonant circuit, 
thereby making the antenna a dual-band radiator (see 
fig. 10). This approach extended its operating on two, 
three, four, or even five bands with low SWR, while 
still providing a balanced structure — hence the name, 
"Dipole of Delight/' under which these capacitor 
dipoles are sold. 

The additional reactance needed in the capacitive 
balun of the monoband dipole helped match the trans¬ 



mission line (50 ohms) to 800-ohm characteristic im¬ 
pedance of the antenna wires. It turns out that the 
optimum capacitive reactance is -j50 ohms (see fig. 
11). If this is redrawn as a single-ended equivalent, all 
the components must be scaled down by a factor of 
1/V 2 (This is due to the sharing of the load in 
the two halves and the doubling of the impedance on 
return to a dual, or balanced form (fig. 12). After slight 
rearrangement (fig. 13), the two capacitors are seen 


fig. 8. Basic capacitive balun system. 



fig. 9. Additional inductor to correctfeedpoint impedance; 
monoband antenna. 



fig. 10. Alternative correction technique; multiband 
antenna. 




fig. 11. Optimum reactance values in parallel equivalent cir¬ 
cuit of dipole. 



fig. 12. Rearrangement to show all losses transferred to 
one side of ground point. 


May 1987 


71 













as a capacitive autotransformer that works efficiently 
because of the considerable circulating current i. The 
equivalent inductive autotransformer is shown in fig. 
14. The input resistance seen by the source is 


3026 x 


36.3 

283 


- 49.7 ohms 


Figure 15 shows a series inductive reactance of al¬ 
most ]50 ohms. This is needed to cancel out the equal 








Table 1. Input impedance is a genuine 50 ohms for a con¬ 

siderable bandwidth. 

Frequency 

VSWR 

(MHz) 

13.7 

1.45 

13.8 

1.25 

13.9 

1.14 

14.0 

1.08 

14.1 

1.03 

14.2 

1.02 

14.3 

1.07 

14.4 

1.13 

14.5 

1.22 

14.6 

1.30 

14.7 

1.40 

14.8 

1.50 


fig. 15. Full equivalent circuit; inductor-corrected capaci¬ 
tive balun monoband antenna. 



and opposite capacitive reactance of 50 ohms, leaving 
a pure resistive termination of approximately 50 ohms. 
The Q of this resonant circuit is 1, and consequently 
does not affect the overall bandwidth of the system, 
The antenna bandwidth is determined by the G of the 
dipole (10.7). As table 1 shows, the input impedance 
is a genuine 50 ohms over a considerable bandwidth. 
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This second solution — i.e., the addition of a sec¬ 
ond, third, or fourth resonant system with voltage 
dividing capacitors, as shown in figs. 10 and 16 — 
works by inducing current in the resistive components 
by inductive coupling from left-hand-traveling current 



fig. 18. Route of chimney-supported inverted V. 


in wire 1 to right-hand-traveling current in wire 2 into 
capacitor 2, and so on. Table 2 gives the measured 
SWR values for a four-band antenna for the older hf 
Amateur bands. The system is not harmonic-depen¬ 
dent however, as can be seen in table 3, which lists 
data for a production version for the WARC Amateur 
bands. 

Figure 19 shows the Smith chart display of the in¬ 
put impedance of a four-band Dipole of Delight when 
fed through approximately 50 feet of transmission line. 
The dot at the exact center of the chart represents 
exactly 50 ohms. Notice how closely the curve ap¬ 
proaches this point for the 40, 20, 15, and 10-meter 
Amateur bands. Figure 20 illustrates the effect with 
the feeder length canceled out. The equipment used 
for these experiments was a Hewlett-Packard Network 
Analyzer Model 8407A sweeping from 1 to 33 MHz. 










Join AMS AT.. .Today 

Amateur Radio Satellite OSCAR 10 

provides: 

• A New Worldwide DX Ham Band 

open 10 hours a day. 

• Rag Chew With Rare DX Stations 

in an uncrowded, gentlemanly fashion. 

• Popular Modes In Use: 

SSB, CW, RTTY, SSTV, Packet 

• Full Operating Privileges 

open to Technician Class 
licensee or higher. 


Table 2. Measured SWR values for a four-band antenna 
for the older hf Amateur bands. 


Frequency 

VSWR 

(MHz) 


7.00 

1.3 

7.05 

1.2 

7.10 

1.3 

7.15 

1.4 

7.20 

1.6 

14.0 

1.32 

14.1 

1.15 

14.2 

1.20 

14.3 

1.30 

14.35 

1.45 

21.0 

1.3 

21,1 

1.15 

21.2 

1.15 

21.3 

1.25 

21.4 

1.37 

28.0 

1.62 

28.2 

1.45 

28.4 

1.22 

28.6 

1.05 

28.8 

1.35 

29.0 

1.55 


Other AMSAT Membership Benefits: 


Newsletter Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 


Satellite Tracking Software 

Available for most popular PCs. 


QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 


Construction of Future Satellites For Your 

Enjoyment! 


AMSAT Membership is $24 a year, $26 out¬ 
side North America. VISA and MC accepted. 


AMSAT 


P.O. Box 27 
Washington, DC 20044 

301 589-6062 


Table 3. Measured SWR values for a production version 
for the WARC Amateur bands. 


Frequency 

VSWR 

(MHz) 


9.9 

1.45 

10.0 

1.3 

10.1 

1.18 

10.2 

1.25 

18.0 

1.25 

18.1 

1.15 

18.2 

1.20 

18.3 

1.32 

24.8 

1.38 

24.9 

1.12 

25.0 

1.08 

25.1 

1.22 


capacitor construction 

The capacitors consist of etched double-sided 
epoxy-glass-fiber circuit board. One side is not etched 
at all and is connected to the coaxial cable shield. The 
other side is etched, leaving copper patches (in pairs) 
of sufficient size to provide the needed capacitance 
for each wire. The glass fiber acts as the dielectric of 
the capacitor. In this way a lightweight capacitor balun 
without too much wind-catching area and usable at 
a kilowatt PEP level can be made from single-layer pc 
board. The only reported failures have been thought 
to be due to lightning flashover across the unconnect- 
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ed right-side wires to the shield. A solution to this 
problem is presently being investigated. For medium 
powers — up to 100 watts of rf power output — 
lumped silver mica capacitors are used. These are 
easily concealed in a small center connector assem¬ 
bly which presents a negligible wind load. Photo A 
shows the center card and UHF connector and cable 
hanging from the water-shedding cowl. 

ATU not needed 

Since the VSWR is so close to 1:1 on 40 through 
10, there's no need for an ATU between the transmit¬ 
ter and the antenna. This feature provides the free¬ 
dom to QSY rapidly in a competitive situation without 
wasting time retuning. For blind or handicapped oper¬ 
ators, it offers considerably simplified operation. For 


Photo A. Capacitor card of a three-band Dipole of Delight for 
14.21. and 26 MHz. 
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use with a no-tune semiconductor PA or linear, no an¬ 
tenna system could be more appropriate. The VFO is 
the only control that has to be moved! 

Electrically, it's advantageous to have the shield of 
the coaxial cable at the rf zero potential right down 
to the shack. It should be emphasized that in order 
to preserve the balance, the cable should come away 
from the dipole at right angles until the feeder gets 
to an object such as the ground beneath the anten¬ 
na, a tree, or a garage roof, for example, where it may 
then be turned to run to the shack along the same 
earth boundary (see figs. 17 and 18). This helps reduce 
VSWR. Observe SWR as shown in fig. 17, then pull 
the feedline to the side and watch the SWR rise from 
1.02:1 and go up to 1.3:1. With the thorough balance 
of the Dipole of Delight it's never necessary to ground 
the case of the transceiver. There's a complete ab¬ 
sence of rf feedback to the microphone and electron¬ 
ic keyer, and never any sign of "hand capacitance." 

Because the feedline is at rf zero voltage right to 
the center balun unit, the Dipole of Delight works well 
as an inverted V. The support can be metal or any 
other material and there will be no effect on VSWR 
or radiation pattern. 

helps TVI 

Since no current flows down the outside of the feed¬ 
line, no vertical polarization rf currents are induced into 
the downleads of nearby TV antennas. One disabled 
GM operator for whom ham radio is his main daytime 
activity (he tells me he is on 40 and 80 meters for 8 
to 10 hours every day and likes to use his linear all the 
time) has found that a dual-band Dipole of Delight has 
not only cured TVI and BCI next door, but has also 
cured interference to an electronic organ at a church 
across the street. Now he can operate on Sunday 
mornings as well! We don't promise purchasers that 
TVI will be less than they've had with other antennas; 
in fact, the ground plane versions of these antennas 1 , 3 
are definitely not recommended where TVI is a prob¬ 
lem, though they are nevertheless useful for low-angle 
radiation, of course. 
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PRACTICALLY SPEAKING 


grounding, shielding, 
and isolating: part 2 

Last month we discussed the prob¬ 
lems of keeping outside interference 
from adversely affecting our equip¬ 
ment and preventing cross-interference 
between equipment in the same 
system. 

Grounding problems affect not only 
single circuits, but collections of equip¬ 
ment as well. In fig. 1A, we see a 
prescription for disaster: the equip¬ 
ment grounds are daisy-chained to¬ 
gether and grounded to earth at a 
point close to only one piece of equip¬ 
ment, identified as D. Typically, the 
ground lines are small-diameter sec¬ 
tions of wire not particularly appropri¬ 
ate for the purpose. 

One way to correct this problem — 
the star ground — is illustrated in fig. 
IB. Ground conductors from all four 
pieces of equipment are brought to¬ 
gether at a common point, which is 
then grounded. Although it's difficult 
to achieve the exact configuration 
shown in fig. IB in an actual Amateur 
station, we can approximate it using 
the arrangement shown in fig. 2. Keep 
in mind that our goal is to radiate as 
much of the available power as possi¬ 
ble, while keeping spurious radiations 
(mostly harmonics) at home. Given the 
nature of most radio communications 
situations, if we have to sacrifice a lit¬ 
tle power at the fundamental operating 
frequency in order to lower the level 
of harmonics, then it's to our advan¬ 
tage to do so. 

The signal flow logic for an hf sta¬ 


tion is shown in the inset in fig. 2. The 
output circuit, a low-pass filter and an 
antenna matching network, surprises 


® 



fig. 1. (A) Daisy-chain method of ground¬ 
ing equipment; (B) star grounding. 


few Amateurs. The low-pass filter for 
hf usually has a cutoff frequency 
above the 10-meter band, but below 
6 meters (36 and 42 MHz are often 
quoted in the advertisements). Above 
that frequency, attenuation is quite 
high. 

The antenna matcher is seen in 
many Amateur stations today because 
solid-state final amplifiers aren't toler¬ 
ant of high VSWR loads. Such rigs in¬ 
clude shut-down circuitry that reduces 


output power sharply when a VSWR 
greater than 1:1 is encountered. Pre¬ 
viously, many Amateurs didn't use 
matching networks because tube-type 
finals used pi networks that could 
match a wide variety of antenna im¬ 
pedances. Many years ago, former 
ARRL President Vic Clark (W4KFC) 
told me that he recommended anten¬ 
na matching networks even on well- 
matched antennas because they add 
another stage of relatively high-Q 
tuned circuitry between the transmit¬ 
ter and the antenna . , . and thus 
reduce TVI-producing harmonics. 

What may come as a surprise to 
many readers is the low-pass filter at 
the input of the linear amplifier. Be¬ 
cause the exciter/transmitter output 
signal isn't perfectly clean, and will 
contain harmonic energy, we should 
attenuate those signals prior to am¬ 
plifying them in a 1500-watt amplifier! 
Use of a low-pass filter helps that sit¬ 
uation tremendously. 

There is one problem with using a 
low-pass filter on some solid-state 
equipment. Many linear amplifiers, 
especially grounded-grid designs, 
either don't have a 50-ohm input im¬ 
pedance or have a widely varying in¬ 
put impedance that is frequency 
dependent. The characteristics of LC 
low-pass filters are guaranteed only 
when the correct load impedance is 
presented to the filter (in our case nor¬ 
mally 50 ohms, resistive). If the linear 
amplifier input impedance varies, then 
filter performance is adversely affect¬ 
ed. In addition, the impedance reflect¬ 
ed to the filter input will also vary. This 
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TRANSMITTER LINEAR AMPLIFIER 



fig. 2. Grounding scheme at my previous QTH. 


difficulty will cause a high VSWR to 
be seen at the transmitter output, 
causing it to fold back. 

I experienced this problem using a 
Drake low-pass filter between a Ken¬ 
wood TS-120 transmitter and a Heath 
SB-220 linear amplifier. There are two 
possible solutions. First, we can place 
a 50-ohm attenuator pad between the 
filter output and the linear amplifier in¬ 
put. The pad swamps out the impe¬ 
dance variations, although at the loss 
of some power. The attenuator pad 
method is recommended only where 
suitable resistors are available, and 
there's plenty of power to drive the 
linear and accommodate a 1- to 3-dB 
power loss. Second, we can either 
replace the low-pass filter with a vari¬ 
able matching network or add an an¬ 
tenna matcher to the circuit between 
the filter and amplifier. When I owned 
the TS-120, my solution was to use a 
Drake MN-4 matcher in place of LPF 
A (see fig. 2). 

Note the configuration of the oper¬ 
ating position in fig, 2. The equipment 
was mounted on a door converted into 
a table. The grounding system consist¬ 
ed of a piece of 7-inch wide copper 



roofing flashing along the back of the 
table. Though you probably won't find 
copper flashing at your local hardware 
store, it should be available from metal 
distributors and professional roofing 
supply outlets. (I found mine at a metal 
distributor after asking a neighbor, a 
contractor, where he bought his cop¬ 
per roofing supplies.) 

Although the cost per foot (or per 
pound, as some sell it) for the amount 
that you need will probably be relative¬ 
ly low, the distributor may want a $50 
to $100 minimum purchase. Joining 
with other Amateurs in a group order, 
therefore, might be wise. Copper flash¬ 


ing, or similar copper stock, is some¬ 
times available through artists' supply 
outlets in areas where copper bas relief 
engraving and smithing is popular. The 
stock he showed me was only about 
half as thick as roofing flashing, but 
should work just as well. 

The copper flashing on my desk is 
grounded at one end with a ground 
rod. In the station where I used this 
system, the building was a well-con¬ 
structed (i.e., heated and air-condi¬ 
tioned) shed in the backyard. I was 
able to drop the copper foil through a 
break between the wall and the floor, 
then sweat-solder it directly to a 
ground rod driven into the earth. In 
other cases, it's necessary to use a 
heavy ground wire between the desk 
and the ground rod. 

ground wires 

A ground wire must be short and 
nonresonant, and possess low induc¬ 
tance. As a result, it's usually best to 
use a piece of heavy flat braid rather 
than circular wire. You'll find braid for 
sale at some outlets, but it's often 
quite expensive. I've found it cheaper 
to strip the shield carefully from an 
appropriate length of RG-8 or RG-11 
coaxial cable. 

Low inductance is achieved by using 
a wide, short conductor. The braid 
mentioned above possesses this prop¬ 
erty. It's also possible to cut some of 
the copper flashing into slices thinner 
than 7 inches and use it for a ground 
conductor. In other cases, it's possible 
to approximate the ideal by using or¬ 
dinary circular wire conductors, but be 
sure to use multiple lengths of conduc¬ 
tor in parallel (fig. 3). Automotive parts 
stores are often the best sources for 
such wire stock. Use either No. 6 or 
No. 8 “primary wire" or copper battery 
cable wire. 

The conductors can be either clamp¬ 
ed to the ground pipe (or rod) or 
sweat-soldered. Because of the heat 
sinking capacity of the pipe and 
ground, it's usually necessary to use 
a torch for sweat-soldering. Either a 
propane torch, one of the home “braz¬ 
ing" torches sold in hardware stores, 
or a jeweler's torch will suffice for this 
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IC-735 

List 

June 

IC-735 Gen. Cvg. Xcvr 
IC-761A w/Antenna Tuner 

$999.00 

Call $ 
Call $ 

R7000 Gen. Cvg. Rcvr. 

1099.00 

Call $ 

R71AGen. Cvg. Rcvr. 

949.00 

Call $ 

IC-27A/H FM Mobile 25w/45w 

429/459 

Call $ 

IC*28A/H FM Mobile 25w/45w 

429/459 

Cali$ 

IC-37A FM Mobile 25w 

499.00 

Call $ 

IC47A 440 Mobile 25w 

549.00 

Call$ 

IC-04AT UHF HT 

449.00 

Calls 

IC-48A UHF 45w 

459.00 

Calls 

IC-38A FM Mobile 25w 

459.00 

Call $ 

IC-02AT FM HT 

399.00 

Calls 

IC-p2AT Micro HT 

329.00 

Calls 


KENWOOD 




■ • i 

*r%^ 




Hit 


TS-440S/AT 


TS-940SAT Gen. Cvg. Xcvr 

$2249.95 

CallS 

TS-430S Gen. Cvg. Xcvr 

819.95 

CallS 

TS-711A All Mode Base 25w 

899.95 

CallS 

TR-751A All Mode Mobile 25w 

599.95 

CallS 

TM-201BFM Mobile 45w 

369.95 

Call S 

TM*2530A FM Mobile 25w 

429.95 

CallS 

TM-2550A FM Mobile 45w 

469.95 

CallS 

TM-2570A FM Mobile 70w 

559.95 

CallS 

TH-205 AT, NEW 2m HT 

259.95 

CallS 

TH-215A, 2m HT Has II All 

349.95 

CallS 

TH21BT2M HT 

259.95 

Call S 

TH31BT 220 HT 

269.95 

Call S 

TH41BT440 HT 

269.95 

CallS 



FT 757GX 


FT-757 GX Gen. Cvg. Xcvr 

995.00 

CallS 

FT-767 4 Band New 

1895.00 

CallS 

FT-270RH FM Mobile 45w 

439.95 

CallS 

FT-290R All Mode Portable 

579.95 

CallS 

FT-23 R/TT Mini HT 

299.95 

CallS 

FT-209RH RM Handheld 5w 

359.95 

CallS 

FT-726R Ail Mode Xcvr 

1095.95 

CallS 

FT-727R 2M/70CM HT 

479.95 

Calls 

FT2700RH 2M/70CM 25w 

599.95 

CallS 



3919 Sepulveda Bivd. 


Culver City, CA 90230 
213-390-8003 


job. Choose your solder carefully, 
however. Some of the solder used for 
this purpose, and sold in local hard¬ 
ware stores, is acid-core. Also, some 
solders don't have the right metals 
mix. You want either resin core or 
coreless solder with resin flux, lead/tin 
solder of 50/50 or 60/40 mix. 

Finally, make sure that the ground 
wire isn't resonant on either the fun¬ 
damental frequency or one of the low 
order harmonics (e.g., second and 
third). Try to avoid even 1/8 or 1/4 
wavelengths, even though this require¬ 
ment may be difficult to achieve in 
practice on 80- to 10-meter antennas. 

ground rods 

The goal in a station ground system 
is to reduce the resistance between the 
radio and the earth. In most cases, this 
requirement translates to surface area 
in contact with the ground — and our 
job is to maximize that area. Several 
different options are available to us 
regarding ground rods. 

First, we could do what a friend of 
mine did 20 years ago: he found an old 
copper bathtub in his grandfather's 
garage and buried it in an 8-foot deep 
hole. Considering the amount of work 
involved in burying a bathtub 8 feet 
underground, I'd prefer to sell the 
bathtub either for its metal content or 
its antique value . . . and use the pro¬ 
ceeds to buy a truckload of proper 
ground rods! 

Second, we could build a ground 
matrix grid on our property. When I 
was in high school, a local Amateur 
built a new home nearby. He arranged 
for several "custom extras" to the 
house. First, a concrete pedestal for 
the 60-foot tower was installed. 
Around the base of the tower was a 
series of eight or ten 8-foot copperclad 
steel ground rods. He then constructed 
a grid of No. 12 solid copper wire 
(bare) over the entire 150 x 175-foot 
lot. At each crossover point on the grid 
the conductors were soldered together. 
He also added several more ground 
rods at nodes around the lot. The grid 
was clamped and soldered to the tower 
grounding system, then attached to a 
rather massive 3-inch copper pipe com- 

✓ 167 


ing through the wall of the house from 
the intended operating position. After 
this extensive ground system was in¬ 
stalled, sod was brought in by the 
builder, who was clearly bewildered by 
the seemingly odd behavior of his 
eccentric client. 

Third, we can use copperclad steel 
ground rod, available in several lengths 
from electrical supply outlets. Although 
this type is preferred for Amateur ap¬ 
plications, surprisingly few Amateur 
outlets sell these rods in the proper 
lengths. The non-copperclad type, 
though less useful for Amateur appli¬ 
cations, is also available. 

Copperclad steel rods are normally 
sold in 4-, 6-, and 8-foot lengths. Ten- 
foot lengths, used by some power 
companies, are also occasionally avail¬ 
able. Of these, the 8-foot length is 
probably the best, and may be the only 
one legal in your area. (Your local elec¬ 
trical inspector may have an enforce¬ 
able opinion regarding your choice of 
ground rod. In many jurisdictions, elec¬ 
trical codes specify the 6- or 8-foot 
minimum length for towers and some¬ 
times even Amateur stations.) 

The 4-foot types, typically used by 
TV antenna installers, are the most 
common. But because they're less 
effective for both radio grounding and 
lightning protection, they should be 
avoided — except, perhaps, where 
multiple rods are used. 

Another alternative is shown in fig. 
4. This ground system, which uses a 
copper plumbing pipe, is especially use¬ 
ful for areas with hard clay-rich soil. The 
top end of the pipe is fitted with a 
"Tee" connector and short pipe sec¬ 
tions to be used as a handle. One end 
of the handle is closed off with an end 
cap, while the other is fitted with a 
spigot nipple of the sort used to con¬ 
nect a garden hose. The bottom end 
of the 1-inch x 8-foot pipe is beveled 
to a point with a hacksaw. Drive the 
pointed end into the ground and apply 
water pressure. Although a bit messy, 
this method will allow you to work the 
pipe down into the soil with relative 
ease. 

When you finish driving the copper 
pipe into the ground you will discover 
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fig. 5. Adding connections to pipe 
ground. 


one of the advantages of this system. 
With conventional ground rods you 
must either sweat-solder the ground 
wire (which is sometimes difficult), or 
use a clamp (which easily comes 
loose). The pipe end can be flattened 
with a heavy pair of pliers, hammer 
(with a 2 x 4 backstop used as an "an¬ 
vil"), or other means. You can then drill 


one or more 1 /4-inch holes in the flat¬ 
tened end to accept a nut and bolt to 
hold the ground wire (see fig. 5). 

A word of caution is needed for 
those who are going to drive ground 
lines into the earth. Find out where the 
gas, water, sewer, and power lines are 
on your property. Although you can 
usually make intelligent guesses, some 
configurations are hard to determine. 
For example, at my old QTH, the gas 
line ran in a dog-leg path from the shut¬ 
off valve on the street to the meter on 
the back of the house. Unless you 
knew that the gas company was trying 
to serve two dwellings with the least 
amount of pipe, you wouldn't easily 
guess its path. Information on utility 
service run locations is often recorded 
on your survey plate, or in the local 
building inspector or engineer's office, 
or can be obtained from the utility in¬ 
volved. An 8-foot ground rod can dis¬ 
rupt these utilities — and that's always 
expensive and sometimes dangerous. 

a warning on some 
defibrillator capacitors 

In an earlier column I mentioned 
using medical defibrillator capacitors in 
high-power, high-voltage dc power 
supply filters. While that advice is still 
valid, a reader pointed out one possible 
pitfall. Some manufacturers of these 
machines depend upon the fact that 
defibrillator capacitors are charged for 
only a few minutes to de-rate some 
capacitors. As a result, in 7000-volt cir¬ 
cuits they use capacitors with as little 
as 2000-WVDC dielectric strenglh. The 
small size of these capacitors enhances 
the portability of the product. 

The capacitors to which I referred are 
high quality units manufactured by 
well-respected companies such as CDE 
and Sangamo; marked for 7500-WVDC 
or 10,000-WVDC, they're oil-filled and 
quite large. My reference capacitors 
came from American Optical and Hew¬ 
lett-Packard (Model 7802) machines. 
No one has miniaturized those high- 
voltage capacitors significantly, so if a 
surplus defibrillator capacitor seems too 
small to be a 7 kV unit, then it prob¬ 
ably isn't what it seems to be. 

ham radio 


TRANSISTORS 



2-30 MHz 12VC-28V) 


P/N 

Rating 

Nat Ea. 

Match Pr. 

MRF412./A 

SOW 

$18.00 

$45.00 

MRF421 

Q 100W 

22.50 

51.00 

MRF422* 

150W 

38.00 

82.00 

MRF428./A* 

25W 

18.00 

42.00 

MRF433 

12.5W 

12,00 

30.00 

MRF449./A 

O 30W 

12.50 

30.00 

MRF450./A 

Q 50W 

14.00 

31.00 

MRF453,/A 

Q SOW 

15.00 

35.00 

MRF454./A 

Q SOW 

15,00 

34.00 

MRF455./A 

Q SOW 

12.00 

28.00 

MRF458 

SOW 

20.00 

46.00 

MRF475 

12W 

3.00 

9.00 

MRF478 

3W 

2.75 

8.00 

MRF477 

40W 

11.00 

25.00 

MRF479 

15W 

10.00 

23.00 

MRF485* 

15W 

6.00 

15.00 

MRF492 

Q SOW 

18.75 

37.50 

SRF2072 

Q 85W 

13.00 

30.00 

SRF3662 

Q 110W 

25.00 

54.00 

SRF3775 

Q 75W 

14.00 

32.00 

SRF3795 

Q 90W 

16.50 

37.00 

3800 

Q 100W 

18.75 

41.00 

2SC2290 

SOW 

19.75 

45.50 

2SC2879 

Q 100W 

25.00 

58.00 

O ® Salactad High Gain Matchad Quad$ Avallabla 


VHF/UHF TRANSISTORS 


Rating MHz 

Nat Ea. 

Match Pr. 

MRF224 

40 W 138*174 

13.50 

32.00 

MRF237 

4W 138-174 

3.00 

— 

MRF238 

30W 138 174 

13.00 

30.00 

MRF239 

30 W 138-174 

15.00 

35.00 

MRF240./A 

40W 138-174 

18.00 

41.00 

MRF245 

SOW 138-174 

28.00 

85.00 

MRF247 

75W 138-174 

27.00 

6300 

MRF807 1.75W 136-174 

3.00 

— 

MRF841 

15W 407-512 

22.00 

49.00 

MRF644 

25W 407-512 

24.00 

54.00 

MRF648 

40W 407-512 

26.50 

59.00 

MRF848 

SOW 407-512 

33.00 

69.00 

SD1441 150W 138*174 

74.50 

170.00 

SD1447 100W 136*174 

32.50 

78.00 

2N5591 

25 W 136-174 

13.50 

34.00 

2 N 6080 

4W 138174 

7.75 

— 

2N6081 

1SW 138*174 

9.00 

— 

2N6082 

25W 136-174 

10.50 

— 

2N8083 

30W 138*174 

11.50 

24.00 

2N6084 

40W 138-174 

13.00 

31.00 

MISC TRANSISTORS « MODULES 


MRF134 

S18.00 

MRF497 

14.25 

MRF138 

21.00 

2N1522 

10.50 

MRF138Y 

70.00 

2N 3866 

1.25 

MRF137 

24.00 

2N4048 

10.50 

MRF138 

3500 

2N4427 

1.25 

MRF140 

89.50 

2N5590 

10.00 

MRF148 

35.00 

2N5642 

13.75 

MRF150 

89.50 

2N5843 

15.00 

MRF172 

62.00 

2N5846 

18.00 

MR FI 74 

80.00 

2N5945 

10.00 1 

MRF208 

11.50 

2N5946 

13.00 ; 

MRF212 

16.00 

2SC2097 

29.50 

MRF221 

10.00 

2SC2237 

13.50 

MRF260 

7.00 

2SC1869 

3.00 

MRF261 

9.00 

S10-12 

13.50 

MRF282 

9.00 

SAV8 

34.50 

MRF264 

13.00 

SAV7 

34.50 

MRF406 

14.50 

SC1019 

59.90 

MRF428 

55.00 

SC1027 

47.50 

NE41137 

3.50 

M57737 

47.50 

Salactad, matched fInala tor loom, Atlaa, Yaaau, KLM, 
Kanwood, Cubic, TWC, ate. Tachnlcal aaalatanca and 
cross-rafaranca on CO, PT, SD, SRF and 2SC P/Ns. 

Quantity parts usars- 

-call for quota 


WE SHIP SAME DAY. 

C.O.D./VISA/MC 

Minimum Ordar—Ttoanty Dollars 



(619) 744-0728 



FAX; (819) 744-1943 



RF PARTS 

1320-16 Grand Avon no 

San Marcos. CA 92060 
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gamma matching programs 

for the C-64/128 


Simplify antenna matching 

with WB0IKN’s 
handy program 


WB0IKN's article, ' Basic Gamma Matching" 1 
provided a useful program for the Apple II + 
computer. Because I needed gamma matching data 
for a homebrew project but have a C-64, I decided to 
convert the program. (If you own a Commodore 128, 
simply set the computer to 64 mode and you're ready 
to calculate.) 

Figure 1 lists the revised program. The most 
significant modifications appear in the calculation lines. 
These changes were made to avoid exceeding the 
C-64's maximum input of 80 characters per statement. 

I renumbered and compacted the program, adding 
an Option Menu from which you may choose to print 
hard copy, start new calculations, or end the program . 

The final results were also truncated to two 
decimals; for practical purposes, this number of 
significant digits should be sufficient. The last three 
inputs of line 10 change the screen/border/letter 
colors. If you prefer the standard blue, omit all POKE 
statements and colons in line 10. 

design examples and program notes 

To demonstrate the conversion program, and to 
allow you to check operation as well as the correctness 
of your data entry, I've used WB0!KN's design 
examples. 1 suggest you read his article; for 
convenience — or in case you don't have a copy of 
the January, 1985, issue — I've summarized details 
below. 


I The hardest part will be determining the driven 
element impedance. Fortunately, the feedpoint char¬ 
acteristics of most common antennas are sufficiently 
documented to provide good data. Use your imped¬ 
ance meter or noise bridge, if no published data are 
available. You must know the diameter of your driven 
element and gamma rod. Then select an arbitrary 
gamma rod spacing. Use common sense, as in any 
homebrew project. 

Load and run the program. Input the requested data 
when prompted. The computer will then calculate and 
display the results in the format shown in figs. 3 and 4. 

If the values aren't acceptable, select Menu Option 
2 ("all new calculations"). By trying a different gamma 
rod spacing or diameter, or varying the feedpoint 
impedance by slightly changing the length of the 
driven element, you can find the best combination with 
reasonable mechanical and electrical parameters. If the 
antenna isn't suitable for gamma rod matching, you'll 
learn this quickly, without tedious experimentation. 

Figure 2 shows the screen display on a run for a 
computer-generated six-element, 20-meter Yagi design 
by Lawson. 2 The calculated feedpoint impedance of 
the antenna is 20 + j7.5 ohms. In this example, the 
assumptions are a 1.5-inch diameter element, a 
gamma rod diameter of 0.25 inch, and a gamma rod 
spacing of 3 inches. 

additional designs 

The results of two additional gamma match designs 
for the Yagi antenna are shown in fig. 3. In fig. 3(A) 
the gamma rod spacing has been increased to 6 
inches; in fig. 3(B) the gamma rod diameter has been 
increased to 0.5 inch. 

Figure 4 shows the results for a monopole 
approximately 1/4 wavelength high. In this case the 

Fred A. Sontag, IM0CAO, Lake Farm, Route 1, 
Box 86, Tebbetts, Missouri 65080 
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10 PRINTCHRSC19)CHRSC147):POKE53880,9:P0KE53881,0:P0KE646,S 
£0 REM********************************** 

30 PRINT "BANNA NATCH DESIGN” 

40 PRINT "BY RICHARD A. NELSON - UJB0IKN” 

50 PRINT"FDR APPLE 11+ CONPUTER" 

60 REN******************************************* 

70 PR I NT:PRINT"ADAPTED & CUSTONIZED FOR C64 WITH" 

B0 PRINT”OPTIONS FOR PRINT/NEW CALCS.& END” 

30 PR INT"BY - FRED A.SONTAG,P.E. - N0CAO 

100 REN****************************************** 

110 PRINT”* UERSION 1.3 *”:PRINT 
180 DEF FN CSHCX)”LOGCX+SORCX*X-l)) 

130 PRINT”ENTER <N> FOR NONOPOLE”:OPEN1,0 
140 PRINT”ENTER <D> FOR DIPOLE > "j: INPUT#1,DNS:PRINT 
150 IF DN$-”D” OR DNS-”N” THEN GOTO170 
160 GOTO130 

170 PRINT "ENTER FREO IN NHZ > INPUT#1,F:PRINT 

180 PRINT"ENTER FEEDPOINT RESISTANCE > ”;:INPUT#1.RA:PRINT:IFDNS-”D”THENRA”RA/8 
130 PRINT”ENTER FEEDPOINT REACTANCE > ”; :INPUT#1,XA:PR I NT:IFDNS-”D”THENXA”XA/8 
800 PRINT "ENTER FEEDLINE RESISTANCE > ”j:INPUT#1.RO:PRINT 
810 PRINT:PRINT:PRINT”** THE FOLLOWING ARE IN INCHES **” 

880 PRINT:PRINT"ENTER DRIUEN ELENENT DIANETER > ”;:INPUT#1,K:PRINT 

830 PRINT "ENTER GANNA ROD DIANETER > ”;:INPUT#1,B:PRINT 

840 PRINT "ENTER GANNA ROD SPACING > ”;:INPUT#1,S:PRINT:CLOSE1 

850 H“C1 + C CFNCSHC C4*S*S-K*K+B*B)/C4*S*B)))/CFNCSHC C4*S*S+K*K-B*B)/C4*S*K)))))T8 
860 ZO-60*FN CSHC C4*S*S-K*K-B*B)/C8*K*B)):T-H/ZO:A-C CRO*XA)/CH*RA-RD)) 

870 W-C RO* C C RA)f8+ C XA)T8))/C H*RA-RO):O-A+SORC A*A+W) 

880 XS-H*C CRO*XA+SORC CR0*XA)T8+R0*CH*RA-R0)*C CRA)T8+CXA)T8)))/CH*RA-RO)) 

830 LDGA”ATNCO*T):LDG”CLDGA*360)/C8*3.14153) 

300 E-CR0/RA)*CCCRA)te+CXA)T8)/0):G-CRO/RA)*XA 
310 CR“1000000/C8*3.14159*CE+G)*F):PRINTCHRSC147) 

380 IF DNS””D" THEN RA”RA*8:IF DN$-”D" THENXA”XA*8:PRINT 
330 IFDNS--D” THENPRINT”DIPOLE ANTENNA” 

340 IFDNS--N” THENPRINT"NONOPOLE ANTENNA” 

350 PRINT:PRINT”FREOUENCY <NHZ> ” ”;F 

360 PRINT"DRIUEN ELENENT DIAN - ";K:PR INT"GANNA ROD DIAN - ”;B 
370 PR INT"GANNA ROD SPACING ” ”;S:PR INT"DRIUEN ELENENT RESISTANCE - ";RA 
3B0 PRINT"DRIUEN ELENENT REACTANCE ” ”;XA:PRINT"FEEDLINE RESISTANCE - ”;RO 
330 PR INT:N”LDG:GOSUB550 

400 PR INT"GANNA LENGTH <DEGREES> ” ”;US:FT-C34B/F)*CLDG/360):N-FT:GOSUB550 

410 PRINT "GANNA LENGTH <FEET> ” ";US:IN”FT*18:N”IN:GOSUB550 

480 PRINT "GANNA LENGTH <IN> ” ”;US:CN-IN*8.54:N-CN:GOSUB550 

430 PR I NT"GANNA LENGTH <CN> - ”;US:N-CR:GOSUB5S0 

440 PRINT"GANNA CAP IN PF - ”; US 

450 PRINT:PRI NTTABC13)CHR$(18)"OPTION NENU”CHRSC146):PRINT 
460 PR INT”1. HARDCOPY” 

470 PRINT”8. ALL NEW CALCULATIONS” 

480 PRINT”3, END" 

430 OPEN1,0:PRINT”PRESS OPTION NO.- THEN PRESS RETURN ”;:INPUT#1,X:PRINT 

500 IFX“1THENCL0SE1,0:GOTO530 

510 IFX”8THENCL0SE1,0:GOTO10 

580 IFX-3THENCLDSE1,0:PRINTCHRSC147):END 

530 OPENS,3:0PEN4,4:PRINTCHRSC13);:FORI-0TO679:GOTO540 

540 GET#3,AS:PRINT#4,AS ; :NEXT:CL0SE3:CL0SE4:PR INTCHRSC147):GDTD470 

550 US-STRSCN):L-LENCUS):PD-0:FOR I - 1 TO L:IF NIDSCUS,I,1)””."THEN PD-I 

560 NEXT I:IF L <- CPD+8)THENRETURN 

570 RS-NIDSCUS,CPD+3),1):US-LEFTSCUS,CPD+8)):IF R$<”5”THENRETURN 
580 U-ABSCUALCUS))+.01:US-STRSCU*SGNCN)):RETURN 

READY. 


fig. 1. Gamma matching program listing for the C-64/128. 
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GAMMA HATCH DESIGN 
BY RICHARD A. NELSON - WB0IKN 
FOR APPLE 11+ COMPUTER 

ADAPTED & CUSTOMIZED FOR C64 WITH 
OPTIONS FOR PRINT/NEW CALCS.8 END 
BY - FRED A.S0NTA6,P .E . - N0CAO 
* UERSION 1.3* 

ENTER <M> FOR MONOPOLE 
ENTER <D> FOR DIPOLE > D 
ENTER FREQ IN MHZ > 14.200 
ENTER FEEDPOINT RESISTANCE > 50.0 
ENTER FEEDPOINT REACTANCE > +7.5 
ENTER FEEDLINE RESISTANCE > 50 


** THE FOLLOWING ARE IN INCHES •• 

ENTER DRIUEN ELEMENT DIAMETER >1.5 
ENTER GAMMA ROD DIAMETER > .55 

ENTER GAMMA ROD SPACING > 3.0 


DIPOLE ANTENNA 

FREQUENCY <MHZ> - 14.5 

DRIUEN ELEMENT DIAM - 1.5 

GAMMA ROD DIAM - .55 

GAMMA ROD SPACING - 3 

DRIUEN ELEMENT RESISTANCE - 50 

DRIUEN ELEMENT REACTANCE - 7.5 

FEEDLINE RESISTANCE - 50 

GAMMA LENGTH <DEGREES) - 20.9 

GAMMA LENGTH <FEET> - 5.34 

GAMMA LENGTH <IN> - 64.09 

GAMMA LENGTH <CM> - 162.70 

GAMMA CAP IN PF - 100.92 

rtUWMSlalBM 

1 . HARDCOPY 

2. ALL NEW CALCULATIONS 

3. END 

PRESS OPTION NO.- THEN PRESS RETURN 

fig. 2. Screen display for a sample run showing the 
sequence of data entry and output. (See text for 20-meter 
Yagi description.) 


gamma rod is a length of No. 10 wire (approximate 
diameter = 0.1 inch). Figure 4(A) is for a 60-foot 
tower used as a vertical radiator on 3.8 MHz. 
(WB0iKN's computer analysis shows its impedance 
to be approximately 33 + jl.3 ohms. Figure 4(B) is 
for a 55-foot tower operated on the same frequency. 
The results show how a smaller gamma capacitor may 
be used if the radiator is made capacitively reactive 
by reducing its overall height. 
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□IPOLE ANTENNA 

FREQUENCY <NH2> - 14.2 

DRIUEN ELEMENT DIAM = 1.5 

GAMMA ROD DIAM « .25 

GAMMA ROD SPACING - 6 

DRIUEN ELEMENT RESISTANCE - 20 

DRIUEN ELEMENT REACTANCE = 7.5 

FEEDLINE RESISTANCE = 50 

GAMMA LENGTH <DEGREES> = 25.32 

GAMMA LENGTH < FEET> - 4.7 

GAMMA LENGTH <IN> = 56.34 

GAMMA LENGTH <CM> - 143.12 

> GAMMA CAP IN PF « 241.89 

fig. 3A. Calculated results for additional run on the 
antenna described in fig. 2. showing gamma rod spac¬ 
ing increased to 6 inches. 

DIPOLE ANTENNA 

FREQUENCY <MHZ> = 14.2 

DRIUEN ELEMENT DIAM = 1.5 

GAMMA ROD DIAM = .5 

GAMMA ROD SPACING « 3 

DRIUEN ELEMENT RESISTANCE = 20 

DRIUEN ELEMENT REACTANCE = 7.5 

FEEDLINE RESISTANCE - 50 

GAMMA LENGTH <DEGREES> - 38.34 

GAMMA LENGTH <FEET> - 7.11 

GAMMA LENGTH <IN> = 85.32 

GAMMA LENGTH <CM> = 216.72 

GAMMA CAP IN PF = 262.10 

fig. 3B. Calculated results for additional run on the an¬ 
tenna described in fig. 2. showing gamma rod diameter 
increased to 0.5 inch. 


MONOPOLE ANTENNA 

FREQUENCY <MHZ> - 3.8 

DRIUEN ELEMENT DIAM - 12 

GAMMA ROD DIAM - .1 

GAMMA ROD SPACING - 12 

DRIUEN ELEMENT RESISTANCE - 33 

DRIUEN ELEMENT REACTANCE - 1.3 

FEEDLINE RESISTANCE - 50 

GAMMA LENGTH <DEGREES> = 44.82 

GAMMA LENGTH < FEET> = 31.06 

GAMMA LENGTH <1N> - 372.63 

GAMMA LENGTH <CM> - 346.64 

GAMMA CAP IN PF = 122.62 

fig. 4A. Results of run for a 75-meter vertical monopole 
antenna on 3.8 MHz, (60-foot tower). 


MONOPOLE ANTENNA 

FREQUENCY <MHZ> = 3.8 

DRIUEN ELEMENT DIAM - 12 

GAMMA ROD DIAM = .1 

GAMMA ROD SPACING = 12 

DRIUEN ELEMENT RESISTANCE - 25 

DRIUEN ELEMENT REACTANCE = -38 
FEEDLINE RESISTANCE = 50 

GAMMA LENGTH <DEGREES> = 53.73 

GAMMA LENGTH < FEET> = 37.24 

GAMMA LENGTH <IN> = 446.82 

GAMMA LENGTH <CM> = 1134.92 

GAMMA CAP IN PF * 76.33 

fig. 4B. Results of run for 75-meter vertical on 3.8 MHz, 
(55-foot tower). 


As stated previously, I strongly recommend that you 
read WB0IKN's article and also the publications 
dealing with gamma matching design arid construction 
referenced therein. 


references 

f. Richard A. Nelson. W80IKN. "Basic Gamma Marching," ham. radio, 
January, 1985. page 29. 

2. James L. Lawson, W2PV, "Vagi Antenna Design", hum radio, July, 1980, 
page 19. 
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optimized 2- and 
6-meter yagis 

Several years ago I decided to take 
a different approach to 2-meter EME. 
The idea was to build an array of eight 
small Yagis mounted on a short tower. 
The stacking frame would be attached 
to a single boom not exceeding 30 
feet. Such a system could be mount¬ 
ed conveniently in my back yard with 
minimum interference to existing 
structures and would be easily trans¬ 
portable for EME DXpeditions. 

It seemed reasonable that a physi¬ 
cally small Yagi with a clean radiation 
pattern and high gain-per-unit boom- 
length could be designed. 1 Small Yagis 
require only short, low-loss phasing 
lines. If this approach was successful 
on 2 meters, I concluded, the design 
could later be scaled to 70 cm (432 
MHz), where the individual Yagis 
could be rear-mounted and possibly 
rotated in polarity for EME operation. 2 

I decided that a 12-foot boom, 144- 
MHz Yagi might be the ideal answer 
for the individual antenna; 12-foot 
boom material is readily available, and 
short Yagis can be mounted on towers 
that are only 12 to 15 feet high. 

Several designs emerged for both 2 
and 6 meters. While some of the re¬ 
sults of this study were unexpected, 
they do answer several frequently 
asked questions. 

where to begin 

I started by designing a 2-meter Yagi 
on a 12-foot boom. Obviously, the 
boomlength could not exceed 142 
inches — which, at 144 MHz, is ap¬ 
proximately 1.75 wavelengths. I wanted 
the sidelobes to be as low as possible, 
at least 16 to 18 dB in the E plane, and 


a minimum of 13 dB in the H plane. 
If improved performance was possible, 
so much the better. 

I studied but quickly discarded the 
NBS Yagis because the only designs 
near my requirements, 1.2 or 2.2 
wavelengths, were either too short or 
too long. 3 Then I considered the 
Greenblum designs. 4 Unfortunately, 
design information was incomplete; 
furthermore, previous Yagi designs 
using the Greenblum tables didn't 
produce very clean radiation patterns, 
especially in the H or vertical plane. 

Several articles in the IEEE Proceed' 
ings discussed a method of optimizing 
Yagi performance through the use 
of nonequally spaced and nonuniform 
length elements. 5 6 They started with 
an initial six-element design using equal 
spacing and director lengths. The ele¬ 
ments were 0.0067 wavelengths in dia¬ 
meter on a 1.49 wavelength boom. 
The reflector was 0.51 wavelengths 
long and spaced 0.25 wavelength be¬ 
hind the driven. All directors were 
equally spaced at 0.31 wavelength and 
were 0.43 wavelengths long. 

They ran a program similar to that 
used by Morris 7 — the forerunner of 
the one used by W2PV 8 — on a large 
IBM computer. It calculated the gain 
of this antenna at 11.2 dBi, with rela¬ 
tively high first sidelobes. 

Maintaining the same reflector 
length and spacing, believed to be near 
optimum, the director spacings were 
mathematically iterated (adjusted in 
small steps) for maximum gain. This 
step increased the Yagi gain by 1.65 
dB to 12.85 dBi. However, the boom- 
length had increased to 1.70 wave¬ 
lengths, and all director spacings were 
now unequal. The pattern was defin¬ 
itely cleaner, but not terrific. The next 


step involved adjusting the reflector 
length and spacing, but very little im¬ 
provement resulted. 

A further improvement in the com¬ 
puter program through the use of 
larger matrices allowed for the simul¬ 
taneous iteration of element spacing 
and length. The results were quite 
gratifying. After several optimizations, 
a new Yagi design with approximately 
the same boomlength (1.69 wave¬ 
lengths with a gain of over 13.4 dBi) 
emerged, showing an improvement of 
2.2 dB over the original constant 
length and spacing design and a clean¬ 
er radiation pattern. 

Some preliminary conclusions can 
be drawn as a result of this study. With 
a fixed number of elements, there is a 
particular boomlength for optimum 
gain. Furthermore, gain and pattern 
aren't optimum when constant direc¬ 
tor length and spacing are used. For 
best Yagi performance, the boom¬ 
length and all element spacings and 
lengths must be individually optimized. 

implementing the design 

Limited practical information was, 
however, available for the "optimized" 
Yagi design. No element diameter scal¬ 
ing information was available to me at 
that time (in the mid-1970s) and the 
diameters recommended were rather 
impractical — over 0.5 inch at 2 
meters! Therefore I decided to scale 
my own design by overlaying the ele¬ 
ment lengths on an NBS-type of scal¬ 
ing graph. 3 1 designed a 144-MHz Yagi 
using 3/16-inch diameter rod (0.0023 
wavelength diameter at 144 MHz). 

I built this antenna and tested it on 
a commercial antenna range. The gain 
was as predicted. However, the band¬ 
width for maximum gain was very nar- 
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row, only about 1.0 MHz at the - 1 dB 
points, and gain peaked near 146 MHz. 
Back to the drawing board! 

Based on the data taken on the an¬ 
tenna range, I was able to correct my 
scaling graph. I then scaled the design 
to 50.1 MHz. It worked like a champ. 
The lengths and spacings chosen are 
shown in the first and second columns 
of table 1. A typical antenna radiation 
pattern is shown in fig. 1. 

Upon close inspection of the radia¬ 
tion pattern, however, the f/b ratio 
wasn't worth writing home about. 
Dave Olean, K1WHS, figured that he 
could trade gain, if necessary, for a 
better f/b ratio. He left the element 
spacings constant, but shortened the 
last director by almost 10 inches; by 
lengthening the reflector a few inches, 
he was able to obtain a nearly infinite 
f/b ratio, though over only a very nar¬ 
row bandwidth. The cost was about 1 
dB in forward gain. The pattern of the 
modified Yagi is superimposed on the 
original design in fig. 1. The final ele¬ 
ment lengths chosen are shown in 
column 3 of table 1. 

A close inspection of the patterns il¬ 
lustrated in fig. 1 shows that the side- 
lobes aren't as good as my original 
design goals. Also, the improved f/b 
design had lower gain than desired. 


With the help of John Kenny, W1RR, 
a computer optimization was conduct¬ 
ed on a similar six-element Yagi design 
scaled to 2 meters,* The results were 
similar to those reported in references 
5 and 6. Either maximum gain or rea¬ 
sonable f/b ratio could be achieved, 
but not simultaneously! 

I decided to make another search 
and again reviewed the Greenblum 
designs. 4 Using his designs, I found 
that eight elements were required for 
a 1.75-wavelength boom. I quickly cal¬ 
culated a 144-MHz design and W1 RR 
computed the radiation pattern with 
his program. The gain was right on the 
money, but as previously speculated, 
the radiation pattern had very high 
sidelobes. 

Next John ran an optimization rou¬ 
tine on my new eight-element design. 
The input design parameters were 
maximum gain with all side and rear 
lobes at least 18 to 20 dB down in the 
E plane, with the overall boomlength 


*Yagi analysis programs for computing gain and pat¬ 
terns of specific Yagi designs are readily available. 811 
However, the programs used to optimize Yagi designs 
are much more complex and not available for distribu¬ 
tion. They're experimental, use proprietary software, 
and usually require a large mainframe computer. There¬ 
fore, I'd urge you not to contact persons doing such 
work until their programs are suitable for distribution. 


fixed at 1.734 wavelengths (142 inches 
at 144 MHz). 

After many computer iterations, a 
new design emerged. The pattern 
looked too good to be true. The gain 
penalty for a clean radiation pattern 
was only a few tenths of a dB, not a 
big compromise for over 13 dBi gain! 
The bandwidth of the design was also 
very good — several MHz at the -1 
dB points. 

I hurriedly ran out and built the op¬ 
timized design using leftover materials 
from Cushcraft 2-meter beams. Cush- 
craft uses above-the-boom element 
mounting, which requires a 0.312-inch 
element extension when mounted on 
a 1.0-inch diameter boom. A T match 
with a 4:1 half-wave balun completed 
the design. Construction details on the 
final design are shown in fig. 2. 

Soon afterwards, the improved de¬ 
sign was measured on a commercial 
antenna test range and was found to 
be satisfactory. A typical radiation pat¬ 
tern is shown in fig. 3. All side and rear 
lobes were about 20 dB down, and the 
gain was only 0.75 dB less than the 
NBS 2.2-wavelength design that used 
a trigonal reflector. Not bad for a 
design with a lot less hardware, six 
fewer elements and a 36-inch shorter 
boom! 

Seven more copies were built along 
with the necessary phasing lines. They 
were assembled into a "quick and 
dirty" 2-meter EME array consisting of 
a 30-foot irrigation tube for the main 
boom, four 12-foot vertical masts, and 
a 12-foot portable tower. The spacing 
was 8-1 /2 feet horizontally and 8 feet 
vertically. The VSWR of the entire 
array was fine. A photo of the com¬ 
pleted array is shown in fig. 4. 

The rest is history. On October 17, 
1981 — even before making a single 
QSO — we broke it down and immedi¬ 
ately set off for Rhode Island, where 
we fired it up for the first time on EME. 
In two nights of activity, we worked 
25 stations in 16 states off the moon. 
Several stations completed a 2-meter 
WAS; only two stations scheduled 
were missed, but they turned out to be 
no-shows. Not bad performance for a 
small transportable array with only 64 
elements! 
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insulated element 
mounting 

Since the original Yagi was con¬ 
structed, insulated through-the-boom 
element mounting has become quite 
popular. 9 Fortunately, the same 
dimensions as those shown in fig. 2 
can be used, since the correction fac¬ 
tor for through-the-boom with insulat¬ 
ed elements is about the same as the 
one used in the original design. Just 
maintain a 1.0-inch diameter boom and 
3/16-inch element diameters with in¬ 
sulators and keepers as described in 
reference 9. However, the driven ele¬ 
ment length and/or the lengths and 
spacings of the T match will probably 
have to be optimized if low {1.2:1 max¬ 
imum) VSWR is to be maintained. 

I've used the eight-Yagi, 2-meter 
array on EME for several years. WAC 
was accomplished with less than 600 
watts of output in the shack. Several 
European stations are using this Yagi 
on tropo and meteor scatter. Several 
local Amateurs and I have also used it 
to put rare grids on the air, since it's 
so compact and uncluttered. 

This Yagi design is highly recom¬ 
mended where a small, simple, high- 
gain antenna with excellent sidelobe 
suppression is preferred. It's easily 
duplicated and can be used singly or 
as part of an array. Despite its size, 
four of these Yagis stacked 8-1 /2 feet 
horizontally and 8 feet vertically make 
a good beginner's 2-meter EME array. 
Eight are better for the more serious 
EMEer, yet still affordable. 

A secondary benefit of this 2-meter 
array hasn't previously been discussed, 
but may be worth mentioning. Because 
of space limitations, I can't fit both a 
2-meter and a 135-cm (220 MHz) EME 
array in my back yard at the same 
time. But fortunately, if you use the 
4.2-wavelength NBS Yagi designs on 
135 cm, the mechanical spacings used 
on 2 meters just happen to be the 
same as the optimum mechanical spac¬ 
ing for 135 cm. 3 In my case, when I 
change bands I just swap out the Ya¬ 
gis, reconnect the same phasing lines, 
change the power dividers, and presto! 
For just an hour or so of changeover 


effort, I'm on 135-cm EME. {A photo 
of this array on a 1984 expedition to 
New Hampshire, using the same tower 
and stacking frame, is shown in refer¬ 
ence 10). 


6-meter Yagi 

Shortly after this 2-meter Yagi de¬ 
sign was completed, several Amateurs 
who needed a high-performance, high- 




fig. 2. Optimized eight-element. 2-meter Yagi construction details. The reflector and 
directors are 3/16-inch rod. Element location is referenced from rear of boom to avoid 
tolerance buildup. A 4:1 half-wave type balun made from RG11 75-ohm coax is used. 
Overall length of the balun including connectors is 25 inches. 


Table 1. Length and spacing for six-element, 6-meter Yagi. 


Element 

Spacing 

(inches) 

Element length 
(inches)* 

Element length 
Cinches)** 

R 

59.0 

113.75 

117.0 

DR 

68.0 

113.0 

113.0 

D1 

95.5 

104.75 

104,75 

D2 

75.5 

103.88 

103,88 

D3 

100.0 

104.25 

104.25 

D4 


103.88 

93.88 


•Maximum gain model. 

••Optimized for best f/b ratio. A 2-inch diameter, 33-1/2 foot boom is used. The elements are 3/4-inch 
diameter, and are attached to the boom with U bolt mounting as shown in fig. 5C, A 0.625-inch element 
lengthening correction is included for this method of boom mounting. 
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gain 6-meter Yagi with clean radiation 
patterns — one that would also be 
usable on EME — approached me. 
Their requirements seemed to call for 
a frequency-scaled copy of the 2-meter 
design. At 6 meters, this would require 
a boomlength of about 35 feet. 

Several mechanical configurations 
were evaluated. It appeared that a 
boom diameter of at least 2 inches was 
in order. "Through-the-boom" ele¬ 


ment mounting (fig. 5A), either direct¬ 
ly in contact with or insulated from the 
boom, was immediately discarded 
since it would severely degrade the 
mechanical strength of the boom. In¬ 
sulated elements mounted above the 
boom are advisable, but require spe¬ 
cial materials (see fig. 5B). 

Several commercial element mount¬ 
ing methods were also evaluated. 
Cushcraft uses large diameter (3/4 


inch) elements on its 6-meter "Boom¬ 
er"™ and places a U-bolt directly 
through the element with a stiffening 
half-diameter element above and be¬ 
low the element (fig. 50. Wilson an¬ 
tennas (now out of production) used 
a different mounting method that 
doesn't pierce the element (fig. 5D). 
Finally, with the help of Don Cook, 
K1DPP, a homebrew nonpiercing 
above-the-boom mounting was also 
fabricated (fig. 5E.) 

The final element mounting scheme 
chosen was that shown in fig. 5D, 
since many of the older Wilson eight- 
element antennas are still available and 
easily modified for the new design. 
However, any of the above-the-boom 
mounting schemes shown will work 
satisfactorily. If you don't have an old 
Wilson beam to modify, I recommend 
the element mounting scheme shown 
in fig. 5E. More on this shortly. 

Based on the use of an obsolete 
Wilson eight-element Yagi, the 
2-meter design was scaled to 50.1 
MHz. This design uses a 4-foot section 
of 5/8-inch diameter tubing for the in¬ 
ner portion of the elements and 1/2- 
inch diameter tubing for the outer por¬ 
tion of the elements. Construction de¬ 
tails are shown in fig. 6. 

Several 6-meter Amateurs have 
used this design. Each has used a 
slightly different set of tubing for the 
driven element matching, so the sizes 
shown for the driven element match¬ 
ing assembly may need some final ad¬ 
justment. Either the length of the 
driven element and/or the length and 
spacing of the matching section may 
have to be changed slightly to suit your 
individual design. 

If you build your own from scratch, 
the element mounting schemes shown 
in figs. 5C, D or E are recommended. 
The elements used may be either 1 12-, 
5/8-, or 3/4-inch diameter tubing, or 
you can use graduated tubing as 
shown in fig. 6, since the difference 
in tuning is negligible (less than 100 
kHz). If you use insulated mounted ele¬ 
ments as shown in fig. SB, each of the 
elements should be shortened approx¬ 
imately by 5/8 inch. 

If you're building from scratch, I 


o 



fig. 3. E plane radiation pattern of the optimized 8-element Yagi. Both the 2- and 6-meter 
models have the same radiation pattern. 



fig. 4. 2-meter EME array uses eight of the optimized Yagis. 
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fig. 5. Typical element mounting methods: (A) through-the-boom insulated, or in direct 
contact with the boom; (B) insulated above the boom; 1C) element held in contact 
with the boom by a U bolt; (D) element held by special bracket. (Because of last-minute 
production problems, fig. 5E will appear next month. — Ed.) 


recommend the use of a 30-foot length 
of Irrigation pipe measuring 2 inches in 
diameter. This is available in farming 
supply stores. To obtain the required 
35-1/2 foot length, a 1-7/8 inch out¬ 
side diameter tube can be telescoped 
into the end of the tubing near the last 
director. Suitable tubing can be ob¬ 
tained from WD4BUM.** 

Any boom this length and size 
should be supported from above. Two 
suggested methods are shown in fig. 
7. This beam is large and has a high 
wind load, so any short cuts can turn 
into an expensive disaster. 

If you decide to build your own, use 
the element mounting method shown 
in fig. 5E. A 2~inch wide aluminum 
channel measuring 1/2 inch thick and 
5 to 6 inches long is recommended. It's 
easy to file out a semicircular groove 
in the channel to match the boom cur¬ 
vature. Don't file too deeply; the 
strength of the channel will be 
diminished if you go all the way down 
to the base plate. 

The elements are held to the chan¬ 
nel with short pieces of aluminum 
straps approximately 1/2 inch wide, 
1/16 inch thick, and 2-1 /2 inches long. 
These straps are held in place with 
stainless steel screws, nuts, and wash¬ 
ers. For best element alignment, each 
channel should be attached to the 
boom using two U-bolts. Suitable 
stainless steel U-bolts can be pur¬ 
chased from suppliers such as 
WB9IPG*** or homebrewed. 

At the suggestion of K1 DPP, I made 
my own U-bolts using 3/16-inch dia¬ 
meter stainless steel welding rods 
available from a local welding supply 
house. All that was required was a 
10-32 die, a die handle, and some 
patience. If you'd like to try this, First 
de-burr the edges of the rod and then 
cut the required length of threads on 
both ends. Next, place a 2-inch di¬ 
ameter tube upright in a bench vise. 
Place about a 6-inch piece of suitable 
diameter tubing over each threaded 
end of the rod. Then carefully bend the 


**George Shira, WD4BUM, Route 1 , Box 258, Ander* 
son. South Carolina 29624. 

***H. C. Van Valzah Company (WB9IPG), 1140 Hick¬ 
ory Trail, Downers Grove, Illinois 60515. 


rod around the 2-inch diameter tube 
until the desired U-shape is obtained. 

6-meter results 

The performance of the 6-meter 
Yagi design has been gratifying to all 
who built one. Some Amateurs used 
it in contests to set high scores. Com¬ 
pared with most other designs, the 
pattern is very clean, and the gain 
definitely matches or exceeds that of 
any other 6-meter Yagi designs, even 
those with more elements or longer 
boomlengths. 

Ray, WA4NJP, who's been active 
on 6 meters for many years and has 
used several different Yagi designs. 


recently built a large array for 6-meter 
EME. After finding his results only 
marginal, he asked for my recommen¬ 
dation. 

I gave him the details shown in fig. 
6 , and he built four of the 6-meter 
Yagis, stacking them 28-1 12 feet in the 
E plane and 24 feet in the H plane. He 
started hearing EME echoes on 50 
MHz immediately. Recent tests have 
yielded EME echoes regardless of 
where the moon is in the sky; previ¬ 
ously, he could use the moon only 
when it was at low elevations to ob¬ 
tain horizon gain. Echoes more than 10 
dB above the noise are now quite com¬ 
mon off the moon — even on SSB! 
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B & W PRESENTS A 
WINNING COMBINATION 



fig. 6. Optimized eight-element. 6-meter Yagi construction details. Element location 
referenced from rear of boom to prevent tolerance buildup. A 4:1 half-wave type balun 
made from RG11 75-ohm coax is used. Overall length of the balun including connec¬ 
tors is 78 inches. Coax can be coiled up in a 6- to 9-inch diameter and taped to boom. 


summary 

Since these Yagis were originally 
designed, additional data has indicat¬ 
ed that optimum boomlengths exist for 
Yagi antennas, especially those shorter 
than 4 wavelengths. 1 The optimum 
boomlength for short Yagi designs 
seems to be an odd multiple of quarter- 
wavelengths (Le., 0.25,0.75,1.25, and 
1.75 wavelengths). If these boom 
lengths are used with the proper num¬ 
ber of elements, optimum gain and 
pattern can often occur simultaneous¬ 
ly. According to my analysis, the op¬ 
timum number of elements for any 
specific boomlength seems to follow 
those recommended by Greenblum. 4 
Furthermore, the use of a T match 
with a built-in 4:1 half-wave type ba¬ 
lun, as shown in figs. 2 and 6, is 
strongly suggested. 

This month's column was primarily 
aimed at the design of shorter boom¬ 
length Yagis. Emphasis was on perfor¬ 
mance, with high gain-per-unit boom- 
lengths and clean radiation patterns. 
Several designs for 2 and 6 meters that 
meet the criteria specified above were 


discussed. These designs should be 
just the ticket for those who want high 
performance with an antenna they can 
modify or build for themselves. 
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new records 

In last month's column I predicted 
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MODEL PT2500A LINEAR AMPLIFIER 

The Barker & Williamson PT25QGA Linear Ampli¬ 
fier Is a completely self-contained table-top 
unit designed for continuous SS8, CW. RTIY. 
AM or ATV operation. Intended for coverage 
of all amat&uf bands between 1.8 MHz and 
21 MHz. it can be readily modified for fre¬ 
quencies outside the amateur bands for 
commercial or military application Two type 
3-500z glass envelope trlodes provide reliability 
and rapid turn-on time 

FEATURES INCLUDE: 

• full 1500 watt output 

• Pt-network input fa maximum drive 

• Pressurized plenum cooling system 

• DC antenna relay fa hum-free operation 

• Illuminated SWR and power meters 

• Vernier tuning for accurate settings 

• Pi-l output for greater harmonic 
attenuation 

Ruggedly constructed of proven design, this 
amplifier reflects the manufacturer's critical 
attention to details- such as the silver-plated 
tank coil for maximum efficiency Cathode 
zener fuse and internal/external cooling are 
among the protective and safety devices 
employed Input and output impedances 
are 50 ohms 

Dimensions: 1 7“ wide x 19” deep x 8"16 high 
Weight: 80 lbs. (shipped In 3 cartons to meet 
UPS requirements) 

Price S 2175 °° FOB factory Price 

includes one year limited warranty 

Call or write factory tor complete speci¬ 
fications, 
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MODEL V51500A ANTENNA COUPLER 

The Barker & Williamson VS1500A antenna 
coupler is designed to match virtually any 
receiver, transmitter or transceiver in the 160 
to 10 meter range (1 8 to 30 MHz) with up to 
1500 watts RF power to almost any antenna, 
including dipaies. inverted vees, verticals, 
mobile whips, beams, random wire,* and 
others, ted by coax cable, balanced lines or 
a single wire A 1:4 balun is built in for 
connection to balanced lines 
FEATURES INCLUDE: 

• Series parallel capacitor connection 
for greater harmonic attenuation 

• In-circuit wattmeter for continuous 
monitoring 

• Vernier tuning tor easy adjustment 

Front panel switching allows rapid selection 
of antennas, or to an external dummy load, 
or permits bypassing the tuner 

Dimonsron (Approx) 11" wide x 13" deep 

x 6" high 

Weight. 6V* lbs 

Price s 499 00 FOB Factory Fully warranted 
for one year 
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fig. 7. Recommended boom mounting method for extra strength: (A) use 1/2-inch or 
iarger diameter tubing approximately 10 feet long mounted about 18 inches above the 
boom at the center. Flatten tubing ends and attach to mast and boom with U bolts. 
|B) Use Phillystran ,M or equivalent cable mounted as shown to prevent swaying {side 
and top views). 


that before the April issue was print- 
ed, the33-cm (903 MHz) record would 
again be broken. 12 On Christmas Eve, 
1986, another unexpected Midwest 
tropo opening occurred; this time, 
Sam, W2PGC (FN02OR), completed a 
two-way QSO with Gary, K3SIW/9 
(EN52WA), for a record-shattering dis¬ 
tance of 478 miles (769 km). Both sta¬ 
tions were using modest setups, 10 
and 70 watts, respectively, and single¬ 
loop Yagi antennas. Signals were S9 
each way, and the contact was com¬ 
pleted on two-way SSB. Congratula¬ 
tions to Sam and Gary, 


East Coast VHF Society 

One of the first of its kind, the East 
Coast VHF Society is now being reac¬ 
tivated by president Russ Pillsbury, 
K2TXB, vice-president Roger Amidon, 
K2SMN, secretary Allen Katz, 
K2UYH, and treasurer Tom Kirk, 
KA2VAD. There are plans for a news¬ 
letter and an annual flea market, as 
well as antenna and noise figure meas¬ 
uring contests in July. Equipment loan 
and activity to various rare grids are 
also planned. Contact K2UYH for fur¬ 
ther information. 
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MININEC 3 is available 

From time to time I've mentioned 
computer-aided antenna modeling 
programs. Till now, these computer 
programs were either difficult to ob¬ 
tain, not generally available, or suitable 
only for mainframe or other large com¬ 
puters. 

All that has changed. MININEC 3 is 
now available for general distribution 
for use on IBM and IBM-compatible 
personal computer systems. This pro¬ 
gram is faster than its predecessor and 
has more available options. To obtain 
your copy, send an MS DOS-format¬ 
ted, double-sided, double-density disk 
with sufficient return postage and a 
note requesting a copy of MININEC 3 
to Jim Logan, Code 822, Naval Ocean 
Systems Center, 271 Catalina Boule¬ 
vard, San Diego, California 95152-5000. 

important VHF/UHF events 

May 2*3 West Coast VHP Conference {contact 
WB6GFJ) 

May 5 Predicted peak of the Eta Aquartds 

meteor shower at 1300 UTC 
May 8 ARRL 902-MHz Spring Sprint Contest 
(Friday evening) 

May 9 2304 EME special by WA2WEB (con¬ 

tact K2UYH fur skeds) 

May 14 ARRL 1296 MHz Spring Sprint Com 
test (Thursday evening) 

May 15 EME perigee 

May 1517 13th Annual Eastern VHF/UHF Con¬ 
ference, Nashua, New Hampshire 
(contact W1EJ) 

May 23 24 ARRL 50 MHz Spring Sprint Contest 
(Saturday evening) 

Juno 7 Predicted peak of the daytime 

Arietids meteor shower at 1900 UTC 
June W Predicted peak of the Zeta Perseids 
meteor shower at 0400 UTC 
June 13 EME perigee 

June 13 W ARRL June VHF QSO Party 
June 20 21 SMIRK 6-Meter QSO Party Contest 
(contact KAONNO) 

June 21 ± 1 month. Peak of Sporadic E 

propagation 
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Step up 

to the world’s most- 
advanced antenna system! 

WITH NOT A SINGLE 
WATT WASTED IN LOSSY 
TRAPS! (There aren’t any!) 


Hams in over 50 DXCC count¬ 
ries have done so already! 



The DJ2UT-Multiband-Systems 
offer: 

- Maximum gain plus F/B 
ratio with low VSWR across 
each band 

- 2 kW CW output power 

- 10/15/207(30) 40-meter 
bands with up to 7 band 
coverage incl. WARC bands 
with self-supporting 
"TWIN-BOOM" and boom- 
legths from 8 to 20 ft 

- Air-core teflon dielectric coax- 
balun and stainless-steel 
hardware at no extra cost 

- traditional Blackforest crafts¬ 
manship 

The DJ2UT-MULTIBANDERS 
provide the superior full-size 
monoband-beam performance 
required during the present 
sunspot minimum. 

For further information contact 



H.J. Theiler Corp. 

P.O. Box 5369 
Spartanburg, SC 29304 
(803) 576-5566 

or our distributor in Canada: 
Dolfard’s Radio West 
P.O. Box 58236 
762 S.W. Marine Drive 
Vancouver, B.C. V6P 6E3 

Selected dealerships available. 
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DX FORECASTER 

Garth Stonehocker, KORYW 

1986 propagation 
review 

Now that most of the geophysical 
and propagation data for 1986 is in and 
has been analyzed, let's review the sig¬ 
nificant events so you can compare 
them with your DX operating log. 

There were only four major geomag¬ 
netic-ionospheric disturbances (i.e., 
those with a geomagnetic A index 
greater than 40) during the year and 
eight large ones (i.e., those with an A 
index greater than 30). Surprisingly, 
April was the quietest month. The four 
major disturbances occurred in Febru¬ 
ary, May, September, and November; 
with the exception of the September 
disturbance, these occurred as the 
27-day solar flux cycle was decreasing. 
The February event (from February 5 
to February 10) was so extraordinary 
that it warranted special coverage in 
the July, 1986, column. 

The next major solar event, which 
occurred from May 1 through May 4, 
included a geomagnetic-ionospheric 
disturbance (to K7) at 1200 UT on May 
2. On May 3, an old-cycle solar flare 
at 2017 UT (with signal attenuation in 
the United States and in the Pacific 
area) produced protons at the polar 
regions at 1255 UT on the following 
day, with the next geomagnetic-iono¬ 
spheric disturbance (to K6) about 2100 
UT on May 5. A decrease of as much 
as 22 percent in mid-latitude maximum 
usable frequencies (MUF) occurred on 
east-west paths, which included QSB. 

On September 11 at 1837 UTC, the 
next major event occurred during a 
period of relatively constant solar flux. 
Possibly attributable to a small new- 
cycle flare, it produced a sudden-com¬ 


mencement geomagnetic-ionospheric 
disturbance. As a result of a favorable 
sun-earth equatorial alignment, an A 
of 49 and a K of 7 were registered, with 
an aurora visible as far south as Albu¬ 
querque, New Mexico, and Columbia, 
Missouri. MUFs decreased 25 percent 
on September 12, with considerable 
fading and weak signals occurring on 
east-west paths. There must have 
been good transequatorial openings to 
southern areas on this one, but I didn't 
hear of them. 

The last of the four events took 
place in early November, as the solar 
flux decreased from its October 23 
peak. The driving forces for this event 
were probably several small old-cycle 
flares and numerous solar flux bursts, 
the largest of which occurred on Octo¬ 
ber 31 at 2249 UT. A sudden-com¬ 
mencement geomagnetic-ionospheric 
disturbance (to K6) started on the 
November 3 at 2354 UT and ended at 
1500 UT on the 5th. A decrease of 20 
percent in the MUF during the early 
part of the 4th was experienced on 
east-west paths to Europe from this 
short disturbance. This MUF decrease 
is related to equatorward extension of 
the lower F layer electron density of 
the auroral Atlantic trough situated be¬ 
tween 60 to 70 degrees north latitude. 
Signal levels on the normal great cir¬ 
cle paths are lower and QSB is ex¬ 
perienced. However, perhaps other 
less common paths were useful and re¬ 
sulted in some interesting DX in your 
log. 

new forecasting tool 
—via computer BBS 

In October 1978 the Institute for 
Telecommunication Science of the 
Department of Commerce in Boulder, 
Colorado, stopped providing radio 
propagation quality information to 
the public via mailed weekly bulletins 
and WWV broadcasts of "N7's" at 14 
minutes after the hour. These were 
replaced with solar flux and geomag¬ 
netic A and K data included with the 
geophysical alert announcements at 
18 minutes after the hour. With the 
help of articles by Ted Cohen, N3AT, 


George Jacobs, W3ASK, and others 
of us, hams became their own fore¬ 
casters. 

Now the Space Environment Ser¬ 
vices Center (SESC) in Boulder has re¬ 
sumed radio quality reporting with an 
expanded, worldwide version of the 
"N7" report/forecast system. They've 
divided the northern hemisphere into 
a grid of four longitude quadrants, 0 
to 90 and 180 degrees east and west, 
and five latitude zones, 0-10-30-55- 
70-90 degrees north. A two-digit code 
(such as N7) appears in each grid 
space. The letter (W, U, or N) re¬ 
presents conditions for the current 
6-hour period; the number (1 through 
9) indicates the forecast for the next 
6-hour period. The primary forecast is 
at 0600 UT daily with 6-hour updates. 

You can use your computer termi¬ 
nal to obtain these forecasts from 
SESC's "bulletin board" service. Call 
(303) 497-5000 with the usual 300/ 
1200-baud, 8-bit (1 stop bit, no prior¬ 
ity) conventional protocol of bulletin 
board systems. An simple menu will 
allow copying data for up to 5 minutes. 
Registration (entering your name and 
intended use) will give you a user num¬ 
ber and extend available data-copying 
time to 15 minutes. User acceptance 
of the experimental service will assure 
permanence and menu expansion. 

last-minute forecast 

The higher frequency bands, 10 
through 30 meters, are expected to be 
favorable for DX openings the first and 
last weeks of the month, when the 
possibility of higher solar flux is 
greatest. Short-skip sporadic-E open¬ 
ings are also possible during the last 
week or so. On the lower bands, the 
middle weeks should be best, with 
higher daytime and nighttime signal 
strengths. Atmospheric noise (thunder¬ 
storms) may be building up generally 
now, but not significantly — so enjoy 
these bands while you can. 

Of interest to moonbounce DXers, 
the lunar perigee occurs on the 15th 
with a full moon occurring on the 13th. 
The Aquarid meteor shower, of inter¬ 
est to meteor-burst DXers, peaks be- 
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Look at next higher band tor possible openings. 









































































































































































































































































































































































































































































































































































































SYNTHESIZED 

SIGNAL GENERATOR 


MADE IK 
USA 



MODEL 

SG-10OF 

$429.95 

tfelfvered 


• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy +/- 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out¬ 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc @ Vz Amp • 
Available tor immediate delivery • $429.95 
delivered • Add-on accessories available 
to extend freq range, add infinite resolu¬ 
tion, AM, and a precision 120 dB attenuator 

• Call or write for details • Phone in your 
order for fast COD shipment. 

VANGUARD LABS " 198 

196-23 Jamaica Ave., Hollis, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 


MICROCOMPUTER 
REPEATER CONTROL 



$129 


m 


Introducing I ho MICRO REPEATER CONTROLLER RPT2A, a now 
con cop t in LOW COST. EASY TO INTERFACE, roicrocompujflf 
tcpoalor control R<)place OM logic boarda with a statu of tho aft 
microcomputer that adds NEW FEATURES. HfGM RELIABILITY, 
LOW POWER, SMALL SIZE, and FULL DOCUMENTATION to your 
system Diroct interface (drop in) with most repeaters Detailed in¬ 
terface information included Original MICRO REPEATER CONTROL 
artiefe teaturod in OST Doc 1963 


- two CW ID Message* 

• Time Out Timer 

• Pio-Timocwl Wat»*»K| MSG 

• Pt»t timeout C.W MsG 

• Courtesy Beep 

• Aunitertv fniMits 


• RoconttguraGle COR Input 

• Hiftn Current PIT Interlace 

• Smt Wave lone Generator 

• I uw Power 9 15 VDG 200 ma 

• Sure 3 5“ * *»- 

• All Conrutxlnr'i Inchirttxl 




RPT-2A Kit Only $129 plus $3 00 shipping 

PROCESSOR CONCEPTS 

P.0 BOX 26053 

ST PAUL. MN 55126 

(612) 484-9176 7pm-1 Opm evenings 


CALL OR-WRITE FOR FREE CATALOG AND SPECIFICATIONS^ 


Want to 
Advertise in 
HAM RADIO? 

Call Rally Dennis 
(603) 878-1441 
today for more 
information 


TOWERS 


B0 ft. Alum. 
Crank-Up 
Modal T-60-H 


by ALUMA 

HIGHEST QUALITY wum. 

B aluminum 

♦ TELESCOPING (Crank UP) mu 

D-H • GUYED (STACK-UP) | 

• TILT-OVER MODELS |] 

Easy to install. Low Prices, f 

Crank-ups to 100 ft. f 

EXCELLENT FOR S 

AMATEUR COMMUNICATIONS H 




Moan* 

Trailer 

Type 


Mobile! 

Trutvl 

Type! 


■ ... ■» <r ' o 




Over 36 lypes aluminum 
and steel lowers made— 
speciafs designed and 
made— wrtld tor details 


SPECIAL 

Four Section 50 Ft. 
Van Mounted Crank-Up^ 
Aiuma Tower I 


Fixed 8m 
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ALL ABOUT 

VFRTIPAI 

ANTENNAS® 



by Bill Orr, W6SAI and 
Stu Cowan, W2LX 


Smart DX’ers know thai the vertical antenna can 
be the secret lo low band DX success. Theory, 
design, construction, operation—all the secrets ol 
making the vertical work—are fully covered by Ham 
Radio’s well known columnist and book author Sill 
Orr in a clear concise easy-lo-read text. Orr is a 
master at making the complex simple and this book 
is no exception. Here's just a sample ol what this 
exciting new book covers: Horizontal vrs ver¬ 
tical—which is best? Top loaded and helical an¬ 
tennas, 5 high efficiency Marconi antennas for 80 
and 160, verticals and TVI—Is there a problem? 
The effects of ground on vertical antennas and a 
how to make an effective ground system, The Bob- 
tail beam, construction data for 25 different an¬ 
tennas, matching circuits ol all descriptions—which 
is best, plus P-L-E-N-T-Y more! For years Hams 
having been asking for this book. Get yours now. 
You won't regret it! (< * 1986 


IRP-VA 


Softbound $10.95 


Please enclose $3 50 shipping and handling 

ham radio’s bookstore 

Greenville, NH 03048 


tween May 4 and 6, with rates of 10 
to 25 per hour for the northern and 
southern hemispheres, respectively. 

band-by-band summary 

Ten , twelve, fifteen , and twenty 
meters will support DX propagation 
from most areas of the world during 
daylight and into the evening, with 
long-skip out to 2000 miles (3500 km) 
per hop. Signals on the upper three 
bands arrive mainly from the southern 
countries and occur near noontime. 
Sporadic-E short-skip will be available 
on some days toward the end of the 
month near local noon. The direction 
of propagation will follow the sun 
across the sky: morning to the east, 
south at midday, and west in the 
evening. 

Thirty , forty , eighty , and one-sixty 
meters are the nighttime DXers' 
bands. Because of low solar flux in 
midmonth, daytime DX — particular¬ 
ly in the early mornings — may be 
worthwhile. The direction of propaga¬ 
tion follows the darkness path across 
the sky: evening to the east, south and 
north around midnight, and toward the 
west in the predawn hours. Distances 
will decrease to 1000 miles (1600 km) 
generally, for skip on these bands. 
Sporadic-E openings will be observed 
most frequently around sunrise and 
sunset toward the end of the month. 

ham radio 



y Crystal 
Jr Filters 


For most Ham Rigs from: 

KENWOOD • YAESU • HEATHKIT 

Also Drake R-4C/7 Line, COLLINS 75S3-B/C 
and ICOM FL44A. FL52A. FL53A clones. 

Finest 8-poJe Construction 

ALL POPULAR TYPES IN STOCK 

CW • SSB • AM 

ASK ABOUT OUR MONTHLY 

UNADVERTISED 

SPECIALS 

Phone for Information or to Order. 

VISA/MC or COD accepted 
Why risk disappointment? Buy time- 
tested Fox-Tango Filters to be sure! 

FQX-TANG& Corp. 

Box 15944, W, Palm Beh, FL 33416 

Telephone: (305) 683-9587 
European Agent INGOIMTEX. Post Faeh 2449. 
08070 Ingoistadi, West Germany 


108 E(S May 1987 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60$ per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-protit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


HOT/NEW PACKET PROGRAMS FOR YOUR IBM PC. Sev 

eral telecommunications programs to choose from, especially 
written to interface your packet controller with your PC or com¬ 
patible/clone. Features like Fufl Screen, Line Screen editing. Split 
Screens, ASCII. Binary, X-Modem or user defined file transfers, 
DOS shell. Macro Keys, Command Files, many types of 
time/date/oper. ID. Multi-page brochures explain them all. Soft 
ware Support. Write for new information and pricing. KALT & 
ASSOCIATES, 2440 E. Tudor Rd, Suite 138, Anchorage, AK 
99507 (907) 248 0133 Charge Cards accepted 


HOMEBREW PROJECTS LIST SASE. WB2EUF, Box 708, East 
Hampton, NY 11937 


MOTOROLA C-34MSY MOTRAN 402-420 UHF Base Stations. 
Sold by individual strips only: RX, TX, TCN-10-58A control chas¬ 
sis w/squelch gate and station logic cards, and TUN-8204A meter 
panels. No channel elements. $25.00 ea strip including postage, 
add $3.00 for Air Parcel Post. Also 2 C 34RCB MICOR base 
stations - make offer. Greg Westrup, WA9BWZ, 202 C Avenue, 
Apt D, Kodiak, AK 99615. (907) 487-2476, 


FOR SALE: TR-7950, 25 watt 2 meter transceiver with mobile 
mount. $275.00 FOB, (401) 789-1817, W1CPI 


LEARN MORSE CODE IN 1 HOUR. Amazing new easy tech¬ 
nique. Moneyback guarantee. $10. Bahr, 2549H Temple, Palm 
bay, FL 32905 


SUPERFAST MORSE CODE SUPEREASY. Subliminal cas 
setle. Moneyback guarantee. $10. Bahr, 2549H Temple, Palm- 
bay, FL 32905. 


ANALOG AND RF CONSULTING for the San Francisco Bay 
area, James Long, Ph D N6Y8 (408) 733-8329. 


TEN-TEC now shipping new-boxed USA made latest 1987 fac¬ 
tory models Corsair It, Century 22, Argosy II transceivers. Titan 
linear amplifier 229A 2kw antenna tuner plus accessories, an 
tenna. For the best Ten-Tec deal write or phone Bill Slep (704) 
524-7519, SLEP ELECTRONICS COMPANY, Highway441, Otto, 
NC 28763. 

WANTED Schematic for Bearcat 100 Electra, Model BC-100 
Scanner Please contact Ralph E. Smith, 857 Rougemont, St 
Foy, Quebec City, Canada. 

HEATH Deluxe antenna tuner Model SA2060 a beauty best 
offer. (401) 789 1817 FOB. 


CHASSIS, CABINET KITS. SASE. K3IWK, 5120 Harmony 
Grove Road, Dover, PA 17375. 

COLLINS KWM-380. Fully updated. Excellent condition Full 
service manual. Write or call. W3IRE, 9436 Howes Road, 
Dunkirk, MD 20754. (301) 257-3041. 

BACK ISSUES OF HAM RADIO Magazine from March 1968 
to June 1974, Complete your collection. Individual issues $4.00 
each. KX9P (319) 377 3563. 


IBM/APPLE COMPUTER program ''Hamlog". 18 modules logs 
auto sorts 7 band WAS/DXCC Full feature Also CP/M Ap¬ 
ple $19.95, IBM $24.95. HR KA1AWH, PB 2015, Peabody, MA 
01960. 


BOUND VOLUMES CQ 1958/69, 73 1963/72, Audio 1957/68. 
Radio Electronics 1950/69, Radio News (Electronics World) 
1950/69. Electronics 1953/73, $5 per year plus shipping. Also 
some later individual issues. K4QQK, 307 Old Fort, Tullahoma, 
TN 37388. 

IBM-PC SOFTWARE: CW Keyer COM sends CW from RS232 
port, any speed, using type ahead buffer, memory or disk. 
$29.50. ELEC EXE solves most common electronic equations, 
$19.50. Bill Feidmann, 6677 Charing St, Simi, Calif. 93063, or 
SASE for details. 

TELEVISION SETS made before 1946, early TV parts, litera¬ 
ture wanted for substantial cash. Especially interested in "mir 
ror in the lid” and spinning disc tv's. Finder's fee paid for leads. 
Arnold Chase, 9 Rushleigh Road, West Hartford, Conn. 06117 
(203) 521-5280. 


FOR SALE: Tower, Rotator, Antenna Package Tri-Ex W-67 
Tower, motorized extension from 22’ (nested) to 67' plus mast 
height. Hand winch operated tilt-over feature CDE Ham III Ro¬ 
tator, Wilson DB-33 (10/15 meter beam). Cushcraft 20 meter 
beam. Very good condition. Package price $1250 firm. 
WA1USO, Fred Moiler, Old Fitzwilliam Rd, Jaffrey, NH 03452. 
1603) 532-7635 


PERFORATED ENCLOSURES 17 X 8.6 X 7 5 deep with grey 
paint and 17 x 8.5 x 11 deep with iridite finish. Unpainted blank 
front panel. Approximately 50 each. $10 and $15 respectively. 
Quantity discount available. Don Reed, K0IFO, 911 North Lynn, 
Independence, MO 64050. (816) 252-9436 

DISCOVER “THE RADIO WORKS”. See what we are doing 
with high performance HF and VHF antennas, parts, and ac¬ 
cessories. Unusual 48 page discount catalog. 22 cents SASE. 
The RADIO WORKS, HRAPR, Box 6159, Portsmouth, VA 23703 
1804) 484-0140. 

R-390A RECEIVER: $195 check; $115 reparable Parts, tubes, 
sections. Info SASE. Mint military-spec pul) out 12AT7, 6AG5: 
$15/dozen. CPRC-26 six meter transceiver (see Ham Radio, 
March 1985) $17.50 apiece, $32.50 pair (add $4,50/unit ship 
ping). Baytronics, Box 591, Sandusky, OH 44870. (419) 627-0460 
evenings. 

VHS VIDEO CASSETTES $29.50 total price for a box of 10 
delivered anywhere in continental U.S. Call for 24-hour order 
information KB6MT (714) 990-9622. 


WANTED TO BUY zip code and directory published before 1980 
publication No. 65, Bernard Fair, 19455 Houghton, Detroit, Ml 
48219. 

S.S B. CRYSTAL FILTERS. 9.0 MHz, 2.2 kHz bandwidth, six 
pole, with data $20-00 postpaid. OEM quantity available. ICL7117 
D V.M. I.C.'s direct drive 3-1/2 digit LED same as 7107 plus hold, 
with data; $6.00. 2/$10.00 postpaid. Oentron Scour C.A.P, 
transceiver, 4 MHz, 100 watts, new; $250.00 A C.P S. $75.00 
postpaid. George Misic, 14481 Watt, Novelty, Ohio 44072. 


DC to 400 MHz Spectrum Analyzer Kit. For info SASE to: A 
a A ENGINEERING, 2521 W. La Palma Ave, UK. Anaheim, CA 
92801. 1714) 952-2114. 


WANTED: E1MAC 8873 tube for Heath SB 230. Please contact 
G2DRT, F.S.G. Rose, 84 Cock lane. High Wycombe, Bucks 
HP 13 7 EA England. 


ENGINEERS request free catalog of Electronics Software. Cir 
cuit analysis, filter design, graphics, etc. BV Engineering, 2200 
Business Way, Suite 207, Riverside, CA 92501 (714) 781-0252- 


NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Full-Service Ham SWL-CB 
Scanner store in NJ. Discount Grand Opening Prices. Top per¬ 
forming radio systems for every budget. New 10 meter and 
VHF/UHF rigs. ARRL, Amphenol, Astatic, Astron, Azden, 
BBW, Bilal Belden 9913, Butternut, Clear Channel, KLM, Lar¬ 
sen, MF J, Mirage, Mil Spec Cables, much more Open M F 10 
AM-9PM. Sat 10 AM-7 PM. Buy and sell used gear and have 
qualified repair facility. ABARIS SYSTEMS, 276 Oriental PI, 
Lyndhurst, NJ 07071 (201) 939-0015. 

LOCOST Sensitive-Selective HF receiver system. Ideal/ 1st sta 
tion set Enhanced Novice 10/15/40/80m coverage Send 2 
stamps for free info. I. Megeff, KD2EF, 729 Lori Drive #101, Palm 
Springs, FL 33461. 

HOBBY, EDUCATIONAL, INDUSTRIAL PRODUCTS. 70 kits 
Amplifier, FM transistor, VU meter, door bell, alarm system, 
power supply. Send $3.00 to HOBBY ELECTRONIC, PO 8ox 
1339, Claremont, NH 03743 or call (6031 543-0033. 


COLLECTORS: Have Karl Pierson KP 81 communications re¬ 
ceiver for sale. Complete system receiver, speaker cabinet and 
book. Open to offers. Cal, KL7HEM, 10300 Silver Knolls, Reno, 
NV 89506 


IBM-PC RTTY/CW. New CompRtty fl is the complete 
RTTY/CW program for IBM-PC s and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more Virtually any speed ASCII, BAUDOT, CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskcopy, break-in buffer, select 
calling, text file transfer, customizable full screen logging, 24 
programmable 1000 character messages, Ideal for MARS and 
traffic handling Requires 256k PC or AT compatible, serial port, 
RS 232C TU, $65. Send cal) letters (including MARS) with order. 
David A Rice. KC2HO, 25 Village View Bluff, Hallston Lake, 
NY 12019 


TRS80 4P/KANTRONICS UTU RTTY, Split screen, 10 user 
keys, file transfer. Runs in Mod 4 (80 char) mode. $30 to 
COMMPRO RTTY, c/o KB6IC, 3711 Gayle Avenue. Omaha, NE 
68123. 


COMPUTERS COMMODORE 64 and XT repair ABS I20U 
758 6673. 

CODE PROGRAMS. Apple/C-64. 31 modes, graphics, menus, 
wordprocessor, etc. LARESCO, POB 2018, 1200 Ring Road, 
Calumet City, IL 60409. (312 ) 891-3279. 


SOLAR ELECTRIC PANELS and System Components. 1st 
quality for home or repeaters. Lowest prices in country. 
KA8DSS, RADIANT DISTRIBUTORS, 3900 Dursum, Ada, Ml 
49301. (616) 874 8899. 


WA9GFR RF SOFTWARE $15.00 disk contains 
HF/VHF/UHF/L-BAND propagation and Smith Chart imped¬ 
ance matching programs. Specify Commodore-64 or MS DOS 
BASIC. Lynn Gerig, 6417 Morgan RD, Monroeville, IN 46773. 


REMEMBER TROLLEY CARS? Trolley Treasures: The War¬ 
time Years in New Jersey (1939-1947), a 4-voiume pho¬ 
todocumentary history, includes 1600 unpublished, original 
photographs plus extensive historical notes. Volume I, The Com¬ 
promise Roof Cars of Public Service Coordinated Transport, 
ready now. SASE for details. To order, contact Trolley Themes, 
A.W. Mankoff, 2237-3 Woodside Lane, Sacramento, CA 95825. 
($14.95 plus $1.50 S&H). 


UHF PARTS. GaAs Fets, MMICs, trimmers, chip caps, teflon 
pcb, and other builder parts. SASE brings list. MICROWAVE 
COMPONENTS, 11216 Cape Cod, Taylor, Ml 48180. 


$$$$$SUPER SAVINGS on electronic parts, components, sup 
plies and computer accessories. Free 40-page catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Box 830119, Richard 
son, TX 75083 or call (214) 690-1102. 


SHOW IT IN STYLE Full color QSL's by Smith Printing From 
your prints/slides. Sample packet. SASE. 20420 Calhaven Drive, 
Saugus, CA 91350 (805! 251-7211. 


WANTED; For Drake 4C the noise blanker 4NB (dead or alive). 
H. Schroefer, Dorfstr. 14, 3131 Gollau/Luechow, West 
Germany 


ANTIQUE RADIOS, schematics, tubes and literature. Send 
SASE to VRS (HR), 376 Cilfey Rd, Manchester, NH 03103 for 
large list. 


HAM MONITOR SCOPE Millen 90932 $85. audio signal gener 
ator HP200-CD $125, Precision E-200-C AM/FM signal genera¬ 
tor $45, Yaesu FRG-7 general coverage receiver $125, Johnson 
phone patch $25, trade for TR 9000. K6KZT, 2255 Alexander, 
Los Osos, CA 93402 


YAESU OWNERS: Hundreds of modifications and improve¬ 
ments for your rig. Select the best from fourteen years of gen¬ 
uine top-rated Fox-Tango Newsletters by using our new 32 page 
Cumulative Index. Only $5 postpaid (cash or check) with $4 Re 
bate Certificate creditable toward Newsletter purchases. Includes 
famous Fox Tango Filter and Accessories Lists. Milt Lowens, 
N4ML (Editor). Box 15944, W. Palm Beach, FL 33416. Telephone 
(305) 683-9587 


RTTY JOURNAL —Now in our 35th year Join the circle of 
RTTY friends from all over the world. Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15.00. Send to: RTTY JOUR 
NAL, 9085 La Casita Ave., Fountain Valley, CA 92708. 


IMRA International Mission Radio Association helps mission 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2 3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Sirkdale Way, San Diego, CA 92117 SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave., all 
types available Large stock. Next day delivery, most cases 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. (213) 
774-1255. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc., Dept 301, 4202 N. Drake 
Chicago, IL 60618. 


RECONDITIONED TEST EQUIPMENT $1.25 lor catalog 

Walter, 2697 Nickel, Sar Pablo, CA 94806. 


COMING EVENTS 

Activities — “Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICI¬ 
TY COORDINATORS: Please indicate in your announcements 
whether or not your Hamfest location, classes, exams, meet 
ings, flea markets, etc, are wheelchair accessible. This informa¬ 
tion would be greatly appreciated by our brother/sister hams 
with limited physical ability. 


MASSACHUSETTS: April 19. Spring Flea at MIT. Sponsored 
by the MIT Electronics Research Society and W1XM/R. 10 4 
PM. Albany and Main Streets, Cambridge. Buyers admission 
$1.50. Sellers $5. per space. Talk in on 146.52, 449.2 W1XM/R. 
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NEW YORK: June 14. The Hall of Science ARC Hamfest, New 
York Hall of Science parking lot, Flushing Meadow Park, 
47-01 111 Street, Queens. 9 AM to 3 PM. Donations buyers 
$4.00; sellers $6.00 per space. Talk in on 144.300 simplex link 
223.600 repeat and 445.225 repeat. For information call Steve 
Greenbaum, WB2KDG (718) 898-5599 or Arnie Schiffman, 
WB2YXB (718) 343-0172 evenings. 


LOUISIANA: May 2 and 3* The Baton Rouge ARC Hamfest 50 
and LA State Convention, Gym Armory, campus of LSU, Ba¬ 
ton Rouge. Sat 8 AM—3 PM. Sun. 8 AM—2 PM. Free admis¬ 
sion. Forums, ARRL speakers. Advanced swap tables 
reservations accepted. Dealers, tours, VE exams both days 9 
AM. SASE, 610, check for $4.00 payable to ARRL/VEC to Ge¬ 
orge Perry, W5LVX, 17424 Lady Constance, Greenwell Springs, 
LA 70739. Talk in on 146.19/79. For more info SASE to Rick 
Pourciau, NV5A, 879 Castle Kirk Dr, Baton Rouge, LA 70808 
There will be Cajun food and entertainment Saturday nite Come 
pass a good time! 


PENNSYLVANIA: May 17. The Warminster ARC'S 13th annu¬ 
al Hamfest, Middletown Grange Fairgrounds, Penns Park Rd, 
Wrightstown. Gates open 7 AM. 6 AM for Vendors. Donation 
$3.00. Non-hams and kids free. 8' indoor tabies/power $5,00 
by pre-registration only. Unlimited outdoor 8' space $5,00. Talk 
in on 147.69/09 and 146.52, For info and pre-registration con¬ 
tact Frank Charlton, K A3FBP, 1479 Kingsley Drive, Warminster, 
PA 189/4. (215) 675-2549. 


MARYLAND: May 24. Maryland FM Association's annual Ham 
fest, Howard County Fairgrounds, West Friendship, 30 miles 
west of Baltimore. Gates open 8 Am to 3 PM. Advance inside 
tables $7.00. At the door $10. Donation $3. Talk in on 146.16/76, 
222.16/223.76 ar 449.1/444.1 MHz. For tables or information; 
Jim Clifford, N3FBV, 7461 Terry Streel, Ft. Meade, MD 20755. 
(301)674-4752. 


COLORADO: May 16.Pikes Peak Radio Amateur Association 
1987 Swapfest, Rustic Hills Mall, Palmer Park and Academy 
Blvd, Colorado Springs. 8:30 AM. Free admission. Tables $8.00 
advance; $10.00 at door. Vt testing. Talk in on 146,37/97. For 
information or reservations; Al, N0CMW (303) 4731660 or write 
PPRAA Swapfest, POB 1652, Colorado Springs, CO 80935. 


ARIZONA: May 1-3. The Cochise Amateru Radio Association 
(CARA) will hold its 1987 Hamfest, club training facility. South 
Moson Road, Sierra Vista. Free tailgating. Talk in on 14y.52 or 
146.16/ 76. For information: Don Morgain. W7ACI. (602) 
458-5293 or CARA, POB 1855, Sierra Vista, AZ 85636. 


MISSOURI: May 17. The Western Illinois ARC will hold its 2nd 
annual Tri-State Swapfest, Haerr Field, Taylor. Tailgate flea mar¬ 
ket, aircraft exhibits, plane rides and VEC exams. Flea market 
setup 8 AM. General admission 9 AM. Talk in on 147.03 repeat¬ 
er. For information: Western Illinois ARC, POB 3132, Quincy, 
IL 62301 


NEW HAMPSHIRE: May 15-17. The 13th annual Eastern 
VHF/UHF Conference, Rivier College, Nashua. For information 
contact Lewis D. Collins, W1GXT, Publicity Chairman, Eastern 
VHF/UHF/SHF conference, 10 Marshall Terrace, Wayland, MA 
01778 ( 617) 358-2854 (6 to 10 PM EST) 


NEW YORK: May 17. LIMARC will sponsor the ARRL Long Is¬ 
land Hamfair, New York Institute of Technology, Rt 25A, North 
ern Blvd, Old Westbury, NY. Sellers 7:30 AM. Buyers 9 AM. 
Outdoor tailgating. Sellers car space $5.00. General admission 
$3.00. Non-hams and kids admitted free, Talk in on 146.85. For 
information call Hank Wener, WB2ALW (516) 484-4322 
evenings. 


PENNSYLVANIA: June 7. The 33rd annual Breeze Shooters 
Hamfest, White Swan Amusement Park, Rt 60, near Pittsburgh 
Internationa! Airport. Free admission and Flea Market, family 
amusement park. 9 Am to 4 PM. For information and table reser 
vationsBud Fauihaber, N3DOS, 1059 Balmoral Drive, Pittsburgh, 
PA 15237 (412) 366-5097. 


OKLAHOMA: May 15 17. Green Country Hamfest. sponsored 
by the Broken Arrow and Tulsa ARCs, Vo Tech SE Campus, 
4600 S. Olive, Broken Arrow. Friday night mixer 6-10 PM at the 
Travelodge. Flea market and dealers open 9-5 Saturday and 9-01 
Sunday. ARRL FCC exams. Children's room. Non-ham pro¬ 
grams. Family BBQ dinner. For information contact Ron gamel, 
N5WX, (918) 663-0385 or write Green CountryHamfest, POB 
4970, Tulsa, OK 74159. 


MICHIGAN: May 16. Teh Wexaukee ARA's 27th annual Swap 
Shop, Wexford civic Arena, US 131 and 13th Street, Cadillac 
9 Am to 2 PM. Admission $3.00. Reefreshments available. Talk 
in on 146.97. For table reservations and more info call John Crad¬ 
dock. (616) 797-5491 or write Wexaukee AR A, POB 163, Cadil¬ 
lac, Ml 49601 


OHIO: May 17. The Athens County ARA's 8th annual Hamfest, 
City Recrreation Center, East State Street, Athens. 8 AM to 3 
PM. Admission $4.00, License exams. Send Form 610 and $4,35 
check payable to ARRL/VEC to John Cornwell. NC8V, 101 
Coventry Lane, Athens, OH 45701. Free paved outdoor flea mar¬ 
ket space. Bring your own tables. No reservations. Indoor space 
by advance registration. Contact Walt Jones, N8DDL, 17 Berk¬ 
ley Dr, Athens, OH 45701 (614) 593-7871. For general informa 
tion Carl Denbow, KA8JXG, 63 Morris Ave, Athens, OH 45701. 


PENNSYLVANIA: May 24. The Ephrata Area Repeater Socie¬ 
ty's 2nd annual Hamfest. Walk in VEC exams. Packet and ATV 
demos. 


MICHIGAN: May 30. The Central Michigan Amateur Repeater 
Association (CMARA) 13th annual Hamfest, Midland Comum- 
ty Center. Midland. 8 AM to 1 PM Admission $3. Food availa¬ 
ble. Dealers welcome. Packet radio, new/used Amateur 
electronics and equipment. License exams. Talk in on 147.00/60 
Midland. For information CMARA Hamfest, POB 67, Midland, 
Ml 48640. Please SASE. (517) 631 -9228evenings and weekends. 


ILLINOIS: May 17. The Knox County Radio Club's annual Ham¬ 
fest, Knox County Faiigrounds, Knoxville, IL. Gates open 7 AM 
Building open 8 AM. Free flea market spaces available. ARRL/VE 
testing. For table reservations, pre-registration for testing and 
advanced tickets write Keith L. Watson, WB9KHL, 119 South 
Cherry Street #3, Galesburg, IL 61401-4527 or call (309) 342-3885 
evenings. 


NEW YORK: May 30. First Skaneateles Ham and Computer 
Fest, Allyn Arena, Jordan and Austin Streets. 8 AM to 5 PM 
Vendors, ham gear and computer displays, exhibits. VE license 
exams. For reservations, info, motel list, contact Hank Bryant 
(315) 685-7658 or write Skaneateles Hamfest, 49 Elizabeth Street, 
Skaneateles, NY 13152. 


ILLINOIS: May 17. The Chicago Amateur Radio Club’s annual 
Mini-Hamfest, North Park Village, 5801 N. Pulaski, Chicago 9 
AM to 3 PM. Admission $1. Half table $3. Full table $5. Admits 
one seller. For info call 545-3622. 


NEW JERSEY: May 9. The Cherryville Repeater Association's 
annual Hamfest, Hunterdon Central High School. Remington. 
8 AM to 4 PM. Indoor tables plus tailgating. FCC exams, forums 
displays and more. Talk in on 146.52, 147 975/.375. For further 
information or reservations call Bill Inkrote K2NJ 1201) 788-4080 
or Don Mazak, NR2H (201) 782-1114, 


COLORADO: June 20. The Grand Mesa Repeater Society will 
hold its 8th annual Western Slope Amateur Radio and Computer 
Swapfest, 9 AM to 4 PM, National Guard Armory, 482-28 Road. 
Grand Junction. Free admission. Swap tables $5.00 each In 
door swapfest, Amateur Radio exams, auction and refreshments. 
Talk in on 146.22/.82 and449,20. Portables or information SASE 
to Les Scott, NV0F, 2105 Yellowstone Rd, Grand Junction, CO 
81503 or call (303) 242-5296. 


CALIFORNIA: May 1,2, and 3: The Fresno Amateur Radio Club 
will hold its 45th annual Hamfest, Fresno Airport Holiday Inn 
Air conditioned dealor spaces and swap tables. FCC exams. 
Good programs and parking. Demonstrations and forums. Talk 
in on 146.34-94. For information: Glen T. Caine, Fresno ARC, 
PO Box 783, Fresno, CA 93712 or (209) 292-461? 


NEW YORK: May 3. The Suffolk County Radio Club's in 
door/outdoor flea market, 8 AM to 2 PM, Republic Lodge No 
1987, 585 Broadhollow Road, Rt 110, Melville, L.l. General ad 
mission $3.00, Spouse and kids under 12 free. Indoor tables $10. 
each. Outdoor spaces $7.00 each. Includes one free admission. 
Talk in on 144.61/145.21 and 146.52 simplex. For information 
Bill SuDivan, N2ETG (516) 689-9871 evenings. 


NEW JERSEY: May 3. The Tri-County Radio Association's an¬ 
nual Indoor Hamfest/Flea Market, Passaic Township Commu¬ 
nity Center, Stirling. 9 AM to 3 PM. Donations $3.00. Tables 
$8.00; w/power $10.00. Reserved tailgating. Refreshments. Talk 
in on 147.855/ 255, 146.52 and 444,975/449,975. For informa 
tion: Dick Franklin, W2EUF, POB 182, Westfield, NJ 07090. (201) 
232-5955. 


ARKANSAS; May 2. The Northwest Arkansas ARC will hold 
its 7th annual Hamfest, Rogers Youth Center, 315 West Olive 
Street, Rogers 8 AM to 4 PM, Doors open 6 AM for exhibi 
tors. General admission and parking free. Nearby recreational 
areas and parking for RV's and campers. Talk in on 16/76 or 
03/63. For information: Roy Milliren, AF5W, 2014 S. 16th Street. 
Rogers, AR 72756 (501) 636-6750, 


VIRGINIA: May 3. The Lynchburg ARC will hold its annual 
Swapfest, Brookville High School grounds. Route 460 West, 
just outside Lynchburg, Rain or shine. Starts 9 AM. Admission 
$1.00. Tailgaters pay general admission plus $2.00. VE exams 
beginning 1 PM. Please pre-register. For more information write 
Lynchburg ARC. PO Box 4242, Lynchburg, VA 24502. 


RHODE ISLAND: May 16. The Rl Amateur FM Repeater Serv 
ice will hold their annual Spring Flea Market and Auction, Ameri¬ 
can Legion Fairmount Post 85, 870 River Street, Woonsocket 
Flea market opens 9 AM and spaces are $5.00 each. Auction 
from noon to 5 PM. Free admission. Food and beverages avail 
able. Talk in on 34/9-1 and 52 simplex. For information: Rick Fair- 
weather, K1KYI, Box 591, Harrisville, Rl 02830 or call (401) 
56:8-0566 , 7-9 PM. 


CONNECTICUT: May 31. The Newington Amateur Radio 
League will hold its fourth annual Flea Market, Newington High 
School, Willard Avenue, Newington. 9 AM to 2 PM. New/used 
ham gear, computer equipment. Admission $2.00 at the door. 
Indoor tables $8.50, $10 after May 23. Tailgaters $5. Guided tours 
of ARRL Hq. Amateur Radio exams. Talk in on 146.52 and 
W1AW/R, 144.85/145.45 and 223.24/224.84. For exam infor¬ 
mation or table reservations: Les Andrew, KA1KRP, 23 Grove 
St, West Hartford, CT 06110. (203) 523-0453. Please SASE. 


ILLINOIS: May 17 The Kankakee Area Radio Society's annual 
Hamfest, Kankakee County Fairgrounds, SAM to 4 PM. Ad¬ 
mission $2.50 advance; $3,00 at the door. FCC and ARRL 
booths.Free flea market tables. Free parking Talk in on 
146.34/94. For information: KARS c/o Frank DalCanton, 
KA9PWW, RR 1, Box 361, Chebanse, IL 60922. (815)932 6703 
after 5 PM CST or (815) 937-2452 before 5 PM 


MINNESOTA: May 9. The Arrowhead Radio Amateur Club's 
Swapfest '87, First United Methodist Church, 230 East Skyline 
Parkway, Duluth. 10 AM to 3 PM. Admission $4.00. 4’ tables 
$5.00. License exams 9 AM. For Amateur exams contact Eddy 
Lonnstrom, N9DHG. 2026 Baxter Ave, Superior, Wl 54880 (715) 
392-2415. General information: Ron Carlson, K0BR, 5128 Wyo 
ming Street, Duluth, MN 55804 (218) 525-6860. 


SOUTH CAROLINA: May 2 and 3, The Blue Ridge Amateur 
Radio Society's 48th annual Greenville Hamfest and Electronic 
Flea Market, American Legion Fairgrounds, Greenville. Satur 
day 8 AM to 5 PM. Sunday 8 AM to 3 PM. Admission $3.50 
advance and $5.00 at gate. Indoor/outdoor flea market, license 
exams, free parking, food, For tickets or information SASE to 
Blue Ridge ARA, PO Box 6751, Greenville, SC 29606. 


NEW HAMPSHIRE: May 9. New England's favorite The Hoss 
traders Spring Tailgate Swapfest, Deerfield Fairgrounds. Ad 
mission $2.00 per person including sellers and commercial 
dealers. Friday night camping at nominal fee only after 4 PM. 
Profits benefit Shriners' Burns Hospital. Last year's gift over 
$13,500! For map, SASE to WAKVB, RFD Box 57, West Bald 
win, ME 04091 

PENNSYLVANIA: May 3 The Delaware County ARA is spon 
soring their 8th annual Hamfest, Drexel Hill Middle School, State 
Road and Penn Avenue, Drexel Hill. Doors open 8 AM. Setup 
7 AM. Admission $3. Reserved indoor tables/elec, available for 
$3.00 per space. License exams. Refreshments available. Talk 
in on 147.96/36 , 224.5 and 146.52. For registration and infor 
mation write Hamfest, DCARA, PO Bkox 236, Springfield, PA 
19064 or call Barbara, N3DLG (215) 535-1616. 


1987 “BLOSSOMLAND BLAST" Sunday, September 20, 
1987, Write "BLAST" PO Box 175, St. Joseph, Ml 49085. 


VIRGINIA: June 7 The Ole Virginia Hams present the Annual 
Manassas Hamfest, Prince William County Fairgrounds. 8 AM 
to 4 PM. General admission $4.00. Children under 12 free. Tail- 
gating $5.00/space, Dealers. ARRL booth, CW proficiency 
award Talk in on 146.37/97, 146,52. For information write: Ole 
Virginia Hams ARC, POB 1255, Manassa, VA 22110. John Gun 
sett, K14VP (703) 361-5255 or Gene Roberts, N4HFW (703) 
361-3983 


NEW JERSEY: May 17. 08RA Annual Festival. Old Bridge Civic 
Center Arena, Cottrel Road and Hwy 516, Old Bridge Sellers 
6 AM $12,00. Buyers 8 AM, $5.00. Tailgating $8.00. FCC ex¬ 
ams, pre-registration suggested. Walks in 9 AM Testing 10 AM, 
Talk in on 7.12/7.72. For information N2DHN. 


NORTH CAROLINA: May 23. The Durham FM Association’s 
annua! Hamfest, Lower rear deck South Square Mall, Durham. 
8 Am to 4 PM. FCC exams, vendors and free tailgating. Talk 
in on 147.825/.225, WA4WTX. 

MICHIGAN: June 7. The Chelsea Swap and Shop, Chelsea Fair 
grounds, Chelsea. Seilers 5 AM. Buyers 8 AM to 1 PM. Dona¬ 
tion $2.50 advance and $3.00 at the gate. Children under 12 and 
non-ham spouses free. Talk in on Chelsea Repeater 146.980 
For information: Robert Schantz, 416 Wilkinson St, Chelsea, 
Ml 48118. (313) 475-1795. 


WISCONSIN: May 2. The Ozaukee Radio Club will sponsor its 
8th annual Cedarburg Swapfest, Circle B Recreation Center, 
Highway 60 and County I, Cedarburg. 8 Am to 1 PM Admis 
sion $2.00 advance, $3.00 at the door. 4’ tables $3,00 each. Food 
and refreshments available. For tickets, reservations or informa¬ 
tion SASE to 1987 ORC Swapfest, 101 E. Clay Street, Sauk- 
ville, Wl 53080 or phone (414) 284-3271. 


NEW JERSEY May 17. The Bergen County ARA is sponsoring 
its Spring Hamfest, Bergen Community College, 400 Paramus 
Road, Paramus 8 to 4 PM Rain or shine. Buyers free Sellers 
$5 per space, tailgate only License exams. Talk in on 146.19/79 
and .520 simplex. Forfurther information: Jim, KK2U (201) 
445 2855, 444 Berkshire Rd, Ridgewood, NJ 07450. 

OPERATING EVENTS 

“Things to do . . 

May 2. The Louisville A.R.T.S. will operate "Run For The 
Roses" under the cal! W4CN. 2400 to 0500 May 1 and 1300 to 
1700 May 2. For a commemorative certificate send QSl and 39 
cents SASE to ARTS Club, W4CN, POB 7391, Louisville. KY 
40207. 

May 9. The Laurel ARC will operate special event station W3GFS 
from 1400Z to 2000Z to help celebrate the 4th annual Main Street 
Festival in Historic Laurel, MD, SASE for 8x11 certificate. QSL 
to LARC, POB 1436, Laurel, MD 20707. 

May 23: The Old Barney ARC os Southern Ocean County, New 
Jersey announces a special event Amateur Radio operation com 
memorating the 75th anniversary of the start of construction of 
the Tuckerton Wireless Tower. 00001Z May 23 thru 2359Z May 
24, For information contact Bob Schenck. N200. Publicity Man 
ager, OB ARC. (609) 296-0307 

May 23, 24, 30, The Carroll County ARC will operate K3PZN 
in celebration of Carroll County's Sesquicentenmal. For 8x11 cer 
tificate send OSL and SASE to Carroll County ARC, POB 2099, 
Westminster, MD 21157. 


ARMED FORCES DAY May 16 1987. in recognition of the 38th 
anniversary of this event, ARS W40DR aboard NAS Memphis, 
Millington, Tennessee will be operated by sailors and marines 
from 1300Z to2300Z For additional information Station Custo 
dian, Senior Chief Petty Officer Bob Donan, KA4FAL, (901) 
872-2007. 

May 16. The Charleston Amateur Radio Society will operate 
Special Event Station from the deck of the aircraft carrier USS 
Yorktown CV-10 located in Charleston. SC. Callsign WA4USN 
1000Z to 2200Z. For a special QSL card with photo of the ship 
(to confirmed contacts) SASE to Special Event Station, 346 
Parkdale Dr, Charleston, SC 29407. 

THE FOUNDATION FOR AMATEUR RADIO, INC. plans to 
award 26 scholarships for academic year 1987-88 to assist 
licensed Radio Amateurs who plan to pursue a full-time course 
of studies beyond high school and are enrolled or have been 
accepted by an accredited university, college or technical school. 
For further information write FAR Scholarships, 6903 Rhode Is 
land Avenue, College Park. MD 20740 prior to May 31, 198/ 

ARMED FORCES DAY 1987 May 16, The 38th annual Armed 
Forces Day Communication Test. Traditional military-to Amateur 
cross band operation and broadcast of the Secretary of Defense 
message are the featured highlights and include operations in 
CW, SSB and RTTY, 
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REVIEW 


the digital novice 

The man who helped thousands of Amateurs 
Get ***Connected to Packet Radio has done it 
again. In The Digital Novice, author Jim Grubbs, 
K9EI, explains the fundamentals of digital com¬ 
munications with authority, clarity, simplicity, 
and wit. 

Warning: This is a very basic book that covers, 
rather lightly — but in detail sufficient for most 
beginners — the whole range of Amateur digi¬ 
tal communications, from what Jim calls "cave- 
dweller digital” to spread spectrum and trans¬ 
mission, via packet radio, of animated visual 
images. 

Why are we recommending it to readers of 
ham radio with enthusiasm? Well, for one thing, 
we know that some readers are dyed-in-the-wool 
analog types to whom digital technology is 
something of a mystery. Others understand the 
technology, but want to acquire an overview of 


New from OSKY, The Digital Novice in¬ 
troduces beginners — regardless of license 
class — to digital communications, 

equipment available, with an eye toward becom¬ 
ing active in one digital mode or another. 

But there's a better reason to read this book. 
There are some 80,000 Novices out there, and 
the new Novice enhancement regulations (which 
Jim spells out in comprehensive, up-to-the- 


minute detail) will certainly bring in more. Now 
these people will no doubt expect you, with your 
higher class of license, to know everything. 
What's more, they're going to be looking to you 
not only to know it all, but to explain it, too — 
in terms they can understand — or at least direct 
them toward appropriate sources of information. 



"Cave Dweller Digital" was earliest form of 
digital communications. 


The Digital Novice helps you answer questions 
like "What exactly is AMTOR?", "How is packet 
different from earlier digital techniques like RTTY 
and ASCII?", and "What interface should I 
buy?" without having your face turn red or get¬ 
ting your tongue all tied up in embarrassing knots 
— and without confounding the questioner . No 
doubt you can answer all sorts of questions 
about digital techniques, even roused from a 
deep sleep after driving home from Dayton for 
two days straight. But wouldn't it be convenient 
to just point to The Digital Novice, roll over, and 
go back to sleep? 

This isn't another book about packet radio, 
by the way, or a book about computers, though 
there's enough about computers to form a solid 
basis for understanding the material. It isn't "a 
computer book." It is a book you can give with¬ 
out reservation to any interested beginner, 
regardless of age. Though it's written for adults, 

I wouldn't hesitate to give it to a bright, highly 
motivated eighth-grader. There's no question 
about it: Jim is a born communicator, a writer 
who knows his audience and speaks to them in 
language they understand, simplifying complex 
subjects without ever "talking down." What 
might cause us to be rendered essentially inar¬ 
ticulate (as a function of knowing either too 
much or too little), he explains with refreshing 
simplicity. As Jim points out, technically know- 
ledgable people aren't necessarily the best 
"missionaries for the new technologies." Not 
convinced? Quick: explain spread spectrum in 
language a Novice can understand. 


Describing equipment available, Jim names 
names and comments, with candor, on every 
piece of hardware about which Novices need to 
know, citing advantages and disadvantages of 
each. Though addresses are not included, 
they're all here: AEA, GLB, MFJ, Kantronics, 
Packeterm — and, of course, TAPR and Van¬ 
couver as well. 

The text is supplemented with an ample glos¬ 
sary plus appendices listing the various digital 
codes (Morse, Baudot, AMTOR, ASCII). There's 
a clever little bonus at the end, too: to give read¬ 
ers an opportunity to check how well they've 
retained what they've read, Jim has included a 
33-question test covering topics discussed in the 
book. Answers are included, plus references to 
page numbers where subjects covered by ques¬ 
tions can be found. Score 80 or better (on your 
honor), send Jim an SASE, and — just for fun 
— he'll send you a certificate attesting to your 
status as an official "Digital Novice." 



"Noise Monster" substantiates author's 
assertion that noise is the natural enemy of 
digital communications. 

Ted Barney's cartoons go a long way toward 
lightening up The Digital Novice. I was pleased, 
too, by Jim's conscious (but never self-con¬ 
scious or heavy-handed) effort to ensure gender 
fairness throughout the text; his deft use of 
pronouns may help women entering Amateur 
Radio through the digital modes feel more 
welcome. 

The Digital Novice will be released at this 
year's Dayton Hamvention®, you can meet the 
author at his booth (QSKY Publishing, No. 358) 
if you're there. You can also catch his presen¬ 
tation on Sunday morning at 9:30 AM. Whether 
or not you make it to Dayton this year, you can 
order your copy of The Digital Novice from Ham 
Radio's Bookstore Store for $9.95 plus $3.50 
shipping and handling. 

- KA1LBO 


THE 

DIGITAL NOVICE 



Jim Grubbs, K9EI 
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solid-state linear amplifier 

The latest addition to the Yaesu product line 
~ the new FL-70Q0 Solid State Linear Ampli¬ 
fier for the 160 through 15 meter bands — fea- 
tures an automatic antenna tuner with automatic 
band-switching when used with the Yaesu 
FT-757GX, FT-767GX, or FT-980 transceivers. 
Antenna switching is also automatic when using 
the FAS1-4R remote antenna selector. Power 
output is 1200 watts, for approximately 70 watts 
input. A protection circuit prohibits operation 
with high SWR until the antenna tuner com¬ 
pletes matching process. Thermostatically con¬ 
trolled dual fans run even when the amplifier is 
turned off, if needed for dissipation of heat. 
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For details, contact Yaesu U.S.A. Amateur 
Products Division. 17210 Edwards Road, Cerri¬ 
tos, California 90701, 
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new dual-port tnc, 
personal mailbox upgrade 

The new KPC-4 Dual Port Communicator from 
Kantronics features two fully-functional VHF 
packet ports, digipeating on each port, VHF 
gateway between ports, and an RS 232 com¬ 
puter port. Digipeating and gateway operations 
occur simultaneously while you're connected on 
one or both ports. You can bridge two frequen¬ 
cies on one band and operate crossbands. 

The KPC-4's RS-232/TTL terminal interfacing 
provides universal compatibility to all computers, 
including Commodores and PC compatibles. 
Stream switching provides for access to both 
radio ports, each of which supports AX.25. 

Priced at $329.00, the KPC-4 contains the 
popular Personal Packet Mailbox™ feature 
(optional on all other Kantronics Packet Com¬ 
municators), a 2E-6K EPROM that allows you 
(and others) to leave and collect messages on 
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High quality roller Inductor used in 1 KW HF 
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your system. All other functions of your packet 
unit continue to be available at the same time. 
Established and operated from your keyboard, 
the mailbox uses familiar commands such as 
SEND, LIST, READ, KILL, and BYE. The 
number of messages is limited only by the 
amount of RAM available in your packet unit. 

The Personal Packet Mailbox option is current¬ 
ly available for the KAM (Kantronics All Mode), 
the PKC-1, the KPC-2, and the KPC-2400. To 
add the Personal Packet Mailbox option to your 
Kantronics packet unit, contact Kantronics or an 
authorized Kantronics dealer. The option retails 
for $39.95 (plus $2.50 for shipping if ordering 
through Kantronics). and includes a replacement 
plug-in EPROM and an installation/operations 
manual. 

For further information, contact Kantronics, 
Inc., 1202 E. 23 Street, Lawrence, Kansas 66046. 

Circle 1315 on Reader Service Card. 


new Radio Handbook 

The 23rd Edition of Bill Orr, W6SAI's, Radio 
Handbook has just been released by Howard W. 
Sams 8- Company. 

Completely revised and updated, this edition 
contains new material reflecting the latest devel¬ 
opments in technology, covering everything 
from HF-VHF amplifier design to interference 
reduction for VCRs and video disc players. 

Readers will find schematics, photos, con¬ 
struction diagrams, tables, and charts right at 
their fingertips, for expert guidance and instant 
reference. Specific topics addressed include an 
introduction to Amateur Radio communications; 
fundamental of communications receivers; fm 
and repeaters; mobile, portable, and marine 
equipment; radio and television interference; 
equipment design, components, and controls; 
VHF and UHF antennas; and transmission lines 
and matching systems. 

Licensed as a radio amateur in 1934, Bill has 
authored or co-authored many books. Editor of 
the Radio Handbook since 1955, he's written 





Twenty *Thtrdl Edition 

William I. Off, W41AI 



hundreds of technical articles, including a 
monthly column in ham radio. 

Bill Orr's Radio Handbook, 23rd Edition, (640 
pages, hardbound) retails for $26.95 and is avail¬ 
able from Ham Radio's Bookstore, Greenville, 
New Hampshire 03048. Add $3.50 for shipping 
and handling. 

new 900-MHz antennas 

Two new 900-MHz antennas available from 
NCG are specifically designed for operation in 
the 902-928 MHz band. 

The anodized black Model CMW-202N mobile 
antenna, a 5-dB gain antenna capable of a 
maximum of 30 watts of drive power, uses a 
magnetic mount with a double coil whip. The 
900-MHz base/repeater antenna, model CFC7-71, 
is a collinear fiberglass antenna with a gain of 
7.14 dB and maximum power capability of 50 
watts. Mast mounting brackets and hardware is 
included. 

For information, contact NCG Company, 1275 
N. Grove Street, Anaheim, California 92806. 

Circle 1310 on Reader Service Card. 


new hf amplifier 

Tokyo Hy-Power Labs’ HL-2K/A is a compact 
hf amplifier utilizing the popular 3-5002 transmit¬ 
ting tubes. Similar to their HL-1K/A, it features 
a built-in power supply with a heavy-duty trans¬ 
former that permits continuous key-down oper¬ 
ation. The amplifier is equipped with two large 
panel meters: one monitors plate current, and 
the other can be switched to read plate voltage, 
grid current, or power output. A delayed cool¬ 
ing fan system protects the tubes for a timed 
period after the power has been turned off. 
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The price of the HL 2K/A is $1695. For details, 
contact ENCOMM. Inc., 1506 Capital, Plano, 
Texas 75074. 

Circle /309 on Reader Service Card. 


Lunar returns to market 

Lunar Industries, Jnc. r of San Diego has re¬ 
entered the Amateur Radio market with its well- 
known line of VHF and UHF preamps and VHF 
power amps, and has introduced a new line of 
products scheduled for production early this 
year. Glenn Rattmann, K6NA, heads the mar¬ 
keting effort. 

Lunar recently moved into larger facilities in 
order to accommodate expanded production of 
Amateur and commercial communications and 
television equipment. A network of select deal¬ 
ers is being established and inquiries are en¬ 
couraged. For details, contact K6NA at Lunar 
Industries, lnc. f 7930 Arjons Drive, San Diego, 
California 92126. 

Circle /308 on Reeder Service Card. 


cordless tool for soldering, 
welding, heat shrinking 

The Ultratorch, available now from Jensen 
Tools, is a compact, cordless combination sol¬ 
dering iron, flameless heat tool, and torch. The 
Ultratorch burns ordinary butane lighter fuel to 
generate infra-red and ultra infra red heat by 
means of a catalytic combustion system. Tem¬ 
perature can be adjusted from 394 degrees to 
2372 degrees. Normal settings range from 394 
degrees to 932 degrees F for soldering; to 1292 
degrees for heal shrinking; and to 2372 degrees 
for blazing, welding, and other high-heat appli¬ 
cations. Soldering/heat ejector, torch ejector, 
tapered needle soldering tip, heat tip, solder 
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A. Micro wav* Aasoclala* 10 GHz Gunnplexar. Two of the** tfanscBtvers can foiffi th* heart ol a 10 GHz 
communication ayatem lor vote*, mew, vjdeo or data tranamlaalon, not lo mantlon mountalntop OXIngt 
MA8714V1 (pair ol 10 mW tr*n*c*lv*r*) $261.95. Hlghar power unlfa (up to 200 mW) avallabla. 0, Micro* 
wave Am oc la I a* 24 GHz Gunnplexar. Similar charactarfatlca to 10 GHz unit, MA079204 (pair of 20 mW 
tranacalvara) $739.20. C. Tht* support module |* daafgnetl for u*e with the MA97141 and MA87920 and 
provldea all ol tha circuitry tor a lull duple* audio tranacalva ayatem; Th* board Contalna a low-nolaa, 
3DMH* |m receiver, module tore lor voice and mew oporatlon, Gunn diode regulator and varactor eupply. 
Metor out pule are provided lor monitoring received algnal level*, dJacrimlnatbr output and varactor tuning 
voltage. RXMR30VG aaaembled and taaled $119.95. D. Complete, ready to uee communication ayatem 
for voice or mew operation, Ideal for repeater linking. A power aupply capable of delivering 13 volte dc 
at 250 mA (for a 10 mW veraton), microphone, end headphone and/or loudspeaker are the only additional 
item a noeded I or operation. The Gunnplexer can be removed for remote mounting lo a tower or 2 or 4 
foot parabolic antenna, TRiflG A (10 GHz, 10 mW) $399.96. Higher power unltf evellabla. TR24G A (24 GHz, 

20 mW) $839.95. Ateo aveilable: horn, 2 and 4 loot para- 
* _ bolic antennae, Gunn* varactor and detector diode*, 

nuVdnCfid aearch and lock ayatoma, oaclllator modulea, waveguide, 

X e flangea, etc. Call or write lor additional Information. Let 

Receiver ARR taka you higher with quality 10 and 24 GHz equipment! 
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sponge, lip cleaner and spanner wrench are all 
included. 

For more information and free catalog, con¬ 
tact Jensen Tools, Inc., 7815 S. 46th Street, 
Phoenix, Arizona 85044. 

Circle /307 on Rundor Service Card. 


new mic 

Shure Brothers Inc. has introduced the Shore 
Prologue 2L. an economical dynamic micro¬ 
phone for gooseneck applications. 

Priced at $40. Ihe Prologue 2L provides a wide 
range frequency response with a low end rolloff 
and high end presence boost for intelligibility and 
clarity. Other features include a long-life, easy- 
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access momentary push-to-talk switch, a tight 
cardioid polar pattern for effective rejection of 
feedback and background noise and chrome- 
plated metal casing. 

For information, contact Shure Brothers Inc., 
Customer Services Department, 222 Hartrey 
Avenue, Evanston, Illinois 60202 3696, 

Circle 1306 on Reader Service Card, 


two new Kulglass™ 
antennas 

Larsen Electronics has added two new models 
to its line of patented Kulglass antennas: the 
KG-440 and the KG-900, The two new anten¬ 
nas offer the same features as the earlier KG-450 
and KG-825, but extend Kulglass 1 y convenience 
and performance to the 440-450 and 902-928 
MHz bands. 

The Kulglass tuning assembly is placed on the 
outside surface of the glass - a car windshield, 
for example. This allows a low-impedance power 
transfer through the glass. 

The KG-440 is based on a single half-wave 
design that offers unity gain performance with¬ 
out a ground plane and up to 2.4 dB gain in a 
typical vehicle installation. 
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(5/32") co-ax wllh BNC connector allached and is 
515.95 (including Shipping by UPS lo 46 states} 
TO ORDER ■ send 515.95 money order or cashiers c 

Fla. residents add 5% tax, for air UPS add 51. 


The antennas are fully adjustable to vertical 
for practically any window angle. This permits 
their resonant design to attain a low VSWR. a 
low radiation angle, and maximum omnidirec¬ 
tional range without a ground plane. This is 
especially important with the KG-900 because 


The RF PRODUCTS Magnet Mounts are oneof the tew magnehcantenna mounls avaita 
that can be repaved should Ihe co-ax cable be damaged. The co-ax cable connector inclui 
a shrink tubing strain relief for long life at the connector/cabie flex point (an RF PRODUC 
exclusive on all cable assemblies). 

Eight other models available wilh three e3cb choice of amenna connectors, co-ax types; 
transceiver connecters (9NIC, t-1/8-10. 5/16-24 & RG-122U. RG-58A/U, mini 8X & Bl 
PL-259, type N). 
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SAVE YOUR EARS 

WITH THIS HANDY 
SIGNAL ENHANCER 

See Article in HR's 
December, 1986 issue ^ 220 

Hildreth Engineering 

936 Azalea Drive Sunnyvale, CA 94086 
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products 


of the multipath signals and low power used in 
this band. 

Both antennas feature a removable whip 
(which can come in handy in zero clearance sit¬ 
uations, such as at the car wash) and Larsen's 
exclusive Kulrod T™ plating. The antenna kits 
include 14 feet of premium RG-58 A/U dual¬ 
shield, low-loss coax and choice of connectors. 

For further information, contact Larsen Elec¬ 
tronics, P.O. Box 1799, Vancouver, Washing¬ 
ton 98668. 

Circle 1305 on Reader Service Card. 


SS8 ELECTRONIC TRANSVERTERS ft PREAMPLIFIERS 

LT 2S 144/28 XVRTR 20W GaAstel DBM TBA 

LT33S 902/144 Xvrlr 20W GaAsfel. . 5549 

LT23S 1296/144 Xwtr 10W GaAsfel...$549 

MICRO 13 2304/144 XVRTR 0.5W GaAstel...$429 

MICRO-X 10368/144 Xvrtr 0.1W GaAstel....$599 

DX scries low noise GaAstef preamps lrom$l29 
MV series mast mourned GaAsfel preamps$l99 
K series rx cnvlrs GaAsfel DBM Irom $129 

TRANSVERTERS UNLIMITED 

T220/28 220 Mhz XvrU 28 at SO IF, 20 W.$220 

T144/28 144 Hhz Xvrtr 28 or 50 IF, 25 W.$199 

PA23200 1296 Mtu 2 tube PA, 200W + ,,,,..,$299 

PA23150 1296 2tube PA. 150+ W....$449 

PA 1325 2304 jtube PA, 25+ $429 

HF400 High power relay 2Kw at 144 Mhz..,.$129 
RK500 Medium power relay 1KW al 144 Mhz$ 69 


Call or write for catalogue. 

TRANSVERTERS UNLIMITED 

BOX 6286 STATION A 
TORONTO. ONTARIO 
CANADA M5W IP3 
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HANS PETERS (VE3CRU) 

(416) 759-5562 


Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, loom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing "Hams " for 30 years , no rig 
too old or new for us. 




4033 Brownsville Road 
sa\ ' Trevose, Pa. 19047 { 

215 - 357-1400 


1 TO 1000 MHz 
SWEEP GENERATOR 


# 0 # 


RMSWG - 4 
*175.00 


. SWEEP VARIABLE 1-250 MHz WITH 
LESS THAN 1 DB AMPLITUDE 
VARIATION 

• AFTER WARM UP STABLE ± 100 
KHz FOR 5 MINUTES 

• 115 VAC INPUT *" 221 

ROENSCH MICROWAVE K 

R.R. 1, Box 1S8B, PH: 816-963-2550 If 

BROOKFIELD. MISSOURI 64628 ll 


HF/VHF packet radio 
controller with tuning 
indicator 

MFJ Enterprises' latest TAPR TNC-2 clone, 
the MFJ-1274, ($169.95) works not only for VHF 
but also for HF. OSCAR, and other non-fm pack¬ 
et. MFJ has made the 1274 modem-selectable 
for both VHF and HF operation, added their pre¬ 
cision 20-segment LED tuning indicator, a TTL 
serial port, an easily replaceable lithium battery 
for memory back-up, and a new cabinet. 

All you need to enjoy packet radio is an 
MFJ-1274, your rig, and any home computer 
with an RS-232 or TTL serial port and terminal 
program. 

If you have a Commodore 64, 128 or VIC-20 
you can use MFJ’s optional Starter Pack to get 
on the air immediately. The Starter Pack includes 
interfacing cable, terminal software on disk or 
tape and complete instructions . . . everything 
you need to get on packet radio. The MFJ-1282 
(disk) and the MFJ-1283 (tape) are $19,95 each. 

With the MFJ-1274, you'll never have to worry 
about your TNCs becoming obsolete because 
you change computers or because packet radio 
standards change. You can use any computer 
with an RS-232 serial port with an appropriate 
terminal program. If packet radio standards 
change, software updates will be made available 
as TAPR releases them. 

With the addition of a suitable external mod¬ 
em, speeds in excess of 56 kilobaud are possible. 

The MFJ 1274 features AX.25 Level 2 Version 
2 software, hardware HDLC for full duplex, true 
Data Carrier Detect for HP, multiple connects, 
256K EPROM, 16K RAM (expandable to 32K 
with optional EPROM), simple operation, and 
socketed ICs. 

You get an easy-to-read manual, a cable to 
connect your transceiver (you have to add a con¬ 
nector for your particular radio), a connector for 


“INSTANT” 

MURoE uUUc 

Beginners: 

Deliciously Easy 

Experts: 

Automatically Fast 

CURLYC0DE™ MANUAL 
ONLY $6.50 


Guaranteed 
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Minds eye Publications, Dept. H25 
jiUhc. Suite 115-199 

1350 Beverly Rd. 

J Mciean, va 22101 


IF YOU BUY, SELL 
OR COLLECT 
OLD RADIOS, 

YOU NEED... /j 

Antique Radio's 
Largest-Circulation j 
Monthly Magazine 



f 


ANTIQUE RADIO CLASSIFIED 

Articles - Classifieds * Ads for Parts & Services. 
Also: Early TV, Ham Equip., Books, 
Telegraph, 40’s & 50's Radios & more... 
Free 20-word ad each month . Don’t miss out! 

Sample - Free. 6-Monlh Trial * $10. 

1 -Year: $18 ($24 by 1 st Class). Foreign - Write. 
ARC., P.O. Box 2-A2, Carlisle, MA 01741 
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The HF4B “Butterfly’TM 
A Compact Beam 
for 20-15-12-10 Meters 
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SPECIALIZED COMMUNICATIONS 
fdf*T6DAY’S RADIO AMATEUR! 
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If you are ACTIVE in FSTV 
SSTV, FAX, OSCAR, PACKET, 
RTTY, EME, LASERS, 
or COMPUTERS, then you need 
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Published 10 Times 
• Per Year 
By WB0QCD 

(Serving Amateur Radio Since 1967!) 


4S Pages per Issue. Loaded with News, Articles, Projects, and Ads. 
SIGN UP TODAY AND GET 3 BACK ISSUES “FREE”! 


issues (of your choice) absolutely “tree t We also have 2 and 3 year discounts at just $38 1 

and $56. Foreign surface and air mail subscriptions also available, please write tor I 
details. Add $2.00 tor a special 19-year "master article index" Issue. Allow 2-3 weeks for | 
your first issue. Special TRS*80C, Commodore 64, Apple, ®M Software Catalog Available! •* j 


MaiterCord 


mmm the spec-com journal i ——H 

'jm* P.O.BOXH, 

LOWDEN, IOWA 52255 I 

Credit Card Orders (5% added) Iowa Residents Add 44fe State Sales Tax I 

__^___ ! _ ____J 
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the TTL serial port and a power supply for 110 
VAC operation (you can use 12 VDC for port¬ 
able. remote or mobile operation). 

The MFJ-1274 comes with a double guaran¬ 
tee. If ordered directly from MFJ, it may be 
returned within 30 days for a prompt refund, less 
shipping. The MFJ-1274 is also covered by 
MFJ's one-year unconditional guarantee. 

For more information, contact MFJ Enter¬ 
prises. Inc., P.O. 8ox 494, Mississippi State, 
Mississippi 39762. 

Circle #311 on Reader Service Card. 


computer control of rf 
monitoring 

The CR 202, a sophisticated new receiver dis¬ 
tributed by Ace Communications, ailows 
monitoring of any frequency from 25 to 550 
MHz, plus 800 to 1300 MHz. 

With both narrow and wide band reception 
modes in fm and also a-m. the receiver, priced 
at $445. is excellent for general monitoring and 
surveillance reception of a wide variety of 
services. 

Uses for the unit include general off-air 
monitoring, spot frequency monitoring and 
stength measurement, selective multi-frequency 
analysis, spectrum surveillance, and detection 
of unwanted transmissions. 

An optional digital control accessory permits 
the user to interface the receiver to any com¬ 
puter equipped with a standard RS-232C port. 
The resulting computer control permits virtually 
unlimited channel monitoring and activity analy¬ 
sis with normal communications, text editing, 
and data base software. A dedicated menu driver 
software package and a full line of accessories 
are available. 

For information, contact Ace Communica¬ 
tions, Monitor Division, 10707 E3$t 106th Street, 
Indianapolis, Indiana 46256. 

Circle /304 on Reader Service Card. 


new battery packs 

Two new battery packs for King Radio Corpor¬ 
ation products are available from Centurion Inter¬ 
national Inc. No. KR0105 is a 9.6-voit, 800 MAH 
nickel-cadmium rechargeable battery pack: No. 
AL0514 >$ a 13.5-volt, 2100 MAH throwaway 
alkaline pack. For prices and details, contact 
Centurion International, Inc., P O. Box 82846, 
Lincoln, Nebraska 63501. 

Circle /303 on Roador Service Card. 
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Super ComShack 64™ 

On January 1, 1987, Engineering Consulting 
shipped the first Super Com Shacks 64's to 
previous purchasers of the Com Shack 64 
Duplex/Simplex ham shack and repeater con* 
trollers. The first units shipped were designed 
to upgrade existing systems to allow the features 
found in the new "Super" version. 

New features of the "Super" version include 
a unique code practice mode, speed dial data 
entry of command strings consisting of multi¬ 
ple commands, and nine complete sets of ac¬ 
cess codes which can be changed at any time 
remotely from an HT or telephone, allowing 
instant repeater access code changes, which can 
reduce unauthorized use of repeater functions. 
The system autopatch supports up to 310 stored 
telephone numbers; ten emergency numbers 
may be accessed instantly with two digit com 
mands. The balance of the 300 numbers may be 
stored via touchtone and recalled at any time. 

Three hundred callsigns can be programmed 
into the new Super ComShack. In the "directed 
page mode," an unlicensed person can call the 
repeater telephone line and receive a voice mes¬ 
sage identifying the repeater and requesting in¬ 
put of a three-digit code. A valid code will 
voice-page the selected callsign over the repeat¬ 
er. If the page message is answered by the 
Amateur with the proper answer code, the call¬ 
ing party is then put "on the repeater" and a 
normal conversation can take place. If a control 
operator needs to. gain access to the repeater, 
it can be done via telephone or touchtones from 
an HT. 

The Super ComShack system offers dual re¬ 
mote base capability, which allows both UHF 
and HF radios to be input or linked to the main 
repeater. Total control of the link radio is provid¬ 
ed through the use of serial data. Software is 
included to control the Yaesu FT-757, FT767, 
FT980, and FT-727; the Kenwood TS440 and 
TS940; the TM711/811; and (corn's IC735 trans¬ 
ceivers. New radios are being added as manufac¬ 
turers provide samples for serial data programs 
to be tested. 

A new system — dubbed the "Ultra" — is 
currently under development. Compatible with 
the "Super," the "Ultra" will link several sys¬ 
tems together, allow for Packet input, and in¬ 
corporate other advanced features. 

The Super ComShack is available from Engi¬ 
neering Consulting, 583 Candlewood Street, 
Brea, California 92621. 


solder 14 different metals 
— with a match 

Quick Silver is a new silver-bearing bonding 
paste that flows at 430 degrees F using a match, 
butane lighter, or soldering gun — not 1200 to 
1300 degrees F, as in conventional silver solder¬ 
ing. Quick Silver has a tensile strength of 18,000 
to 22,000 psi compared to only lead solder's 
3,000 psi. 

Quick Silver is furnished in a syringe-type 
applicator that enables the user to apply the 
paste first and then hold and apply heat. Suit¬ 
able for electrical work where high conductivity 
and strength are required, it conforms to pure 
food laws (i.e. contains no lead, zinc, cadmium 
or antimony) and provides a good color match 
to stainless steel. It won't darken or tarnish. 



Quick Silver can be used on brass, bronze, 
chrome-plated steel, chrome-plated copper, 
copper, gold-filled and gold-plated materials, 
molybdenum, nickel silver, silver, stainless steel, 
steel, sterling silver, 800 silver, tin, and zinc. 
Priced at $9.95 plus $2.00 postage and handling, 
it's available from E.L. Jones Company, P.O. 
Box 849, Sanford, North Carolina 27330. 

Circle 1302 on Reader Service Card. 


DX nets, beam headings 

DX Net List Around the World provides full 
information about all active DX nets and updates 
the DX Net list for 1987. Previous editions of 
the list — with information about DX Nets that 
might be reactivated as conditions allow — are 
still available. 

DX Beam Headings Around the World shows 
bearing, distance in miles and kilometers, and 
reverse bearing for your QSO partner), for both 
shortpath and longpath, for more than 450 lo¬ 
cations throughout the world. Special care has 
been taken for the Antarctic, USA, USSR, the 
Peoples Republic of China, and the Pacific 
Ocean. 

For information, contact Ing. Christian Hoherv 
wallner, OE2CHN, Gneisfeldstrasse 5, A-5020 
Salzburg, Austria or Dieter Konrad, OE2DYL, 
Bessarabierstrasse 39. A-5020 Salzburg, Austria. 
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NEW 24 Page 
Buyer’s Guide 
With Guaranteed 
Lowest Prices 

•Explains all about FREE 100 
channel Satellite TV and how 
to shop for an earth station! 

•Lists GUARANTEED 
LOWEST PRICES...we will 
not be undersold, save 30-50% 
over local dealer prices! 

• Tells how to easily and quickly 
Install-Your-Own earth station 
and save $400 or more! 

•Shows how to demonstrate and 
sell earth stations from your 
home and earn extra money! 

unlden pmmo**c 

OALCOA 

*m>mn 

The new SATMAN Buyer's Guide is a necessity fur any 
prospective or current earth station owner who wants to 
save hig money on name brand satellite products and 
also earn some extra money. Buy direct. Uo-lt- 
Yourself, and save with SATMAN. Toll free ordering, 
no sales tax (IL. only), major credit cards accepted, huge 
in-stock inventories available, and fast UBS shipping 
anywhere in li,S, Check with SATMAN before you 
buy...BV nil! not be untiennUt! Cult nmv for your free 
24 page SATMAN Buyer’s Guide. 

1-800-4-SATMAN 

I-309-692-95H2 Illinois 


@ SATMAN 


" HftOOT * PEORIA, tl SUM • HOQ*SAlMAM 

L mm tm m mt el in and save J 
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a whole new generation of “designers 


> 5 


I just read an honest, provocative article in the April, 1987 issue of Folio, a magazine for people 
who publish and produce magazines, about how some people expect to become editors and 
publishers simply by purchasing desktop publishing systems. In short, the author of that article 
said — and I fully agree — that a piece of equipment and some software do not an editor make. 

I'm wondering if the same thing can be said about electrical circuit designers, Take a PC and 
anyofyourbetterinteractivedesignsoftware, be it for filters, amplifier stages, orreceivers. Add 
some form of schematic capture capability — and voilal A full-fledged designer! 

Well, maybe .... 

Someone with reasonable intelligence (i.e., able to form cause-and-effect conclusions), when 
provided with a PC and some interactive software, will probably generate some pretty decent 
designs. You might even get those designs from him a lot faster than you'd get them from the 
generation of designers and engineers of which I consider myself a part. 

For exa mple, let's say you buy a relatively sophisticated piece of filter synthesis software with 
a well-thought-out, user-friendly, menu-driven program. A basic circuit is provided as part of 
a learning tutorial. Hit one of the function keys and the circuit response pops up on the screen, 
replete with MHz and dB. If the rejection or bandwidth or ripple isn't exactly what you want, 
back you go to the original menu; you simply turn the knob and watch the response take all differ¬ 
ent shapes. 

Depending upon the sophistication of the software, you might have to do no more than enter 
your wish list; the computer will not only provide the circuit topology (after going through all 
the possible choices — Chebyshev, Butterworth, Elliptical, Gaussian, etc.) quietly and rapidly, 
but will determine the number of poles, matching sections, and component values as well. Of 
course, it's possible that your wish list will exceed even Fano's limitation (a fundamental mathe¬ 
matical relationship which says, in essence, that you can't get something for nothing). But then 
if the software is worth its salt, it will gently remind you that what you desire isn't exactly pos¬ 
sible, and ask whether you might be willing to consider modifying the parameters to conform 
just a little bit more with reality. 

Basically, then, what we have is a new generation of designers who don't necessarily need 
to rely on a storehouse of knowledge about resistors that aren't, coils that need to be "opened 
up" just a little more, box covers that do have an effect, and all other the peculiarities one can 
encounter in the analog world. 

Though this makes me feel somewhat like a relic (I still enjoy "hands-on" designing), I sus¬ 
pect many of us older (read that "more mature") Radio Amateurs share the same feeling. 
However, inthecaseof circuit design software, I believe real progress has occurred: tools have 
been developed by the older generation that can be used by the younger generation to effect 
better and more efficient designs more quickly than ever before. 


Rich Rosen, K2RR 
Editor-in-Chief 
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Many radio hobbyists have 
spent long hours building 
and enjoying their collections 
of QSL cards and verification 
letters. Unfortunately, few 
think about the long term 
importance of their collections. 


The Committee To 
Preserve Radio Verifications 
is a five-person group whose 
goal is to preserve verifications 
belonging to hobbyists who 
are no longer active. Through 
direct contact with inactive 
listeners and the families of 
deceased hobbyists, and by a 
public information campaign, 
the committee seeks out existing 
QSL collections that might 
otherwise be lost and takes 
steps to preserve them. 

If you are interested in 
donating your QSL collection 
to the committee or if you 
know of others who might be 
interested in the group's work, 
please contact: 


JERRY BERG, Chairperson 
38 Eastern Avenue 
Lexington, MA 02173 
(617) 861-8481 



groundplane antenna 

Dear HR: 

The original “groundplane antenna" 
was not developed by Brown, Epstein, 
and Lewis in the late 1930s, as gener¬ 
ally published and last mentioned in 
ham radio [“The Offset Drooper — An 
Improved Gound Plane," by Woodrow 
Smith, W6BCX, February, 1986, page 
43]. 

Th is VHF/UHF antenna was invent¬ 
ed several years before in France by 
Maurice Ponte (French patent No. 
764.473,1933) with all the main items 
such as elevated feedpoint, coaxial 
feeding, and radials. 

The “groundplane" for preventing 
undesired radiation from feedline was 
described either as a disk 1/2-wave in 
diameter or as a number of horizontal 
1/4-wave radials. 

This invention was also known and 
patented in the United Kingdom and 
in the United States (United Kingdom 
patent No. 414,296, applied for in 
1934; United States patent No. 
2,026,652, applied for in 1933 and 
granted in 1936). 

Two remarkable early contributions 
to the groundplane antenna develop¬ 
ment should be noted: a base reac¬ 
tance compensation for reduction of 
amplitude and phase distortion for tel¬ 
evision application (Germany, 1936) 
and tuned radials, either with coiled 
conductors and series capacitances or 
with bent or encircled arms tunable for 
series resonance (United Kingdom, 
1937/38). 

This present information about the 
early history of groundplane, howev¬ 
er, does not diminish the importance 


of Dr. Brown's role as a great Ameri¬ 
can inventor and antenna specialist. 
His remarkable works, known world¬ 
wide, include: Earth Currents (1933), 
Turnstile (1935), Broadcast Antennas 
(1935), Multifrequency Antenna 
(1936), Ground Systems and Antenna 
Efficiency (1937), Directional Antennas 
(1937, Square Antenna (1938), Rotary 
Beam (1940), Collinear Antenna 
(1941), Duplex Balancer (1942), and 
RF Wattmeter (1943). 

Alois Krischke, DJOTR/OE8AK 
Munich, West Germany 

kudos > kantronics 

Dear HR: 

With all of the less than desirable 
business practices going on in this 
world, it is with pleasure that I relate 
a good experience with you. 

After purchasing a used Kantronics 
UTU Universal Terminal Unit, I discov¬ 
ered that there was a problem with 
“handshaking" between the UTU and 
the computer. After inserting a break¬ 
out box between the two, I found that 
the UTU was not sending a CTS (Clear 
To Send) signal to the computer. This 
prevented the computer from sending 
anything to the UTU, because as far 
as the computer was concerned, the 
UTU just wasn't ready. 

I called Kantronics and spoke with 
their service technician, who informed 
me that I was using an older version 
of the firmware (version 1.0) and said 
that if I would give him my address, 
he would send me out the updated 
version (1.3). Although 1 informed him 
that I had purchased this unit used, he 
replied that it was company policy to 
correct any manufacturing errors. The 
replacement EPROM was received 
about four days later, and it works just 
fine. 

Thus, in this day of the quick buck, 
it is a pleasure to announce to the 
world that there are still quality firms 
out there doing business. Please pass 
along the word, and send them more 
business! 

Rick Mainhart, WB3EXR 
Mystic. Connecticut 06355 
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a compact 20-meter 
CW transceiver 


Pack a private DX-pedition 

in a very small bag 

DX-ing from another part of the world is some¬ 
thing most of us would like to try, but packing those 
extra suitcases full of equipment can take much of the 
joy out of traveling. My solution to this problem was 
to choose a favorable band and mode, and then de¬ 
sign a super-compact station that would slip into my 
suitcase without displacing more essential items. I 
settled on the 20-meter band because it's open most 
of the time, and because portable antennas for that 
band are easy to pack and erect. I chose CW because 
it provides the best opportunity for reliable long-range 
communications on low power. 

The CW Travelradio, described in this article, is what 
resulted. The entire package measures 1.5 x 4.5 x 6.0 
inches and weighs just 7.5 pounds. The receiver is a 
conventional superhet with AGC and a switchable CW 
audio-bandpass filter; the choice of speaker or head¬ 
phone operation is yours. The transmitter delivers 12 
to 15 watts to the antenna, and features sidetone and 
semi-break-in. The VFO range covers the bottom 100 
kHz of the band, where virtually all CW and most 
RTTY operation takes place. 

circuit description 

To expedite the design, I reworked board art from 
an existing 1-watt SSB exciter to make a basic trans¬ 
ceiver circuit board. I then designed a control board 
to provide shaped keying, semi-break-in T/R switch¬ 
ing, and sidetone generation. I completed the pack¬ 
age by adding a simple two-stage audio-bandpass CW 
filter and a 15-watt class C PA. 

The receiver is an updated version of previously pub¬ 
lished designs. 12 Double-balanced mixer U1 (see fig. 


I I) amplifies and converts 14-MHz signals to 9 MHz, 
which are filtered through FL-1 and fed to i-f amplifier 
U2. The gain of U2 is controlled by an audio-derived 
AGC. U3 is a DBM product detector. U4 amplifies re¬ 
ceived signals and sidetone to speaker level, and pro¬ 
vides AGC drive to dc amplifier circuit Q1, 02. U4 runs 
at full gain, with speaker and headphone volume con¬ 
trolled "downstream" via R1. This arrangement per¬ 
mits full AGC action at all gain control settings. 

Transmit mixer U5 combines BFO and VFO drive 
to produce a 14-MHz output. This stage is keyed via 
Q8 (see fig. 2). Harmonics and other unwanted prod¬ 
ucts are removed by the bandpass filter at L3, L4. 
Broadband amplifier Q6 then boosts the filtered sig¬ 
nal to drive FET driver stage Q7. This stage operates 
in class AB, and delivers about 0.7 watts at the out¬ 
put of a 50-ohm Pi-network. If desired, a simple class- 
C configuration using a bipolar device could be sub¬ 
stituted without major disruption to the circuit board. 

Q11 is a broadbanded class-C PA (see fig. 3) that 
delivers 12 to 15 watts output into 50 ohms, A five- 
section half-wave filter suppresses harmonics, and an 
adjustable diode detector provides a dc signal for 
metering rf output. 

VFO Q4 tunes from 5.0 MHz to 5.1 MHz to cover 
the bottom 100 kHz of the band. Source-follower Q5 
isolates the VFO and provides a low impedance drive 
to the mixers. BFO Q3 utilizes diode-switched capac¬ 
itance in series with Y1 to provide a 700-Hz offset 
during transmit. 

The CW control module provides three functions. 
Q8, the dc switch, simultaneously activates the trans¬ 
mit mixer, sidetone oscillator, and relay driver when 
the key is depressed. An RC input circuit shapes rise 
time, which in turn softens the CW wavefront and pre¬ 
vents key-clicks. 3 Twin-T oscillator G9 generates a 
700-Hz sidetone, which is fed to audio amplifier U4 
during transmit. 4 Relays K1 and K2 are controlled by 

Rick Littlefield, K1BQT, Box 114, Barrington, 
New Hampshire 03825 
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The 20-meter sub-compact GRP transceiver has most of the 
features of a full-sized radio, yet occupies very little space. 



Main board is mounted about 1/4 inch above the bottom of 
the frame to allow space for wires and parts mounted on the 
bottom of tbe board. 



The CW control module and CW filter are mounted onto the 
main board with stiff buss wire. FL1 is epoxied to side panel. 
The power amplifier is mounted externally on the back panel 
to reduce heating of internal circuitry during transmit. 


r.lR PACKET RADIO 
ULB goes PORTABLE 


THE FIRST CONTROLLER DESIGNED 
FOR PORTABLE AND SOLAR- 
POWERED STATIONS 




LOW 25 mA Current Drain. 

Miniature size - Lightweight. NFW SOFTWARE FFATURF* 

Rugged metal, shielded case INTELLIGENT ’‘BUDLIST” - Provides 
Lithium Battery backup lor RAM. selective callsign filtering for 

Onboard Watchdog for reliability, Digipeatmg. Monitoring and Connecting. 
Standard DB25 Connectors, 

'‘Connected’* Status output line 

Remole Commands in Unattended Mode 
with Hardware Lockout, 

Retains all other PK-1 features 

Exira I/O lines for special applications. 


Model PKl-L 

Wired/Tesled 
List price — $209.95 
Amateur net- $179.95 


Power requirement: 9 to 15 Volts DC 25 mA typical 
Dimensions: 4.6 X 5.9 X 10 inches Total Weight: 12 ozs. 

Pleat S5i£J jud Hotff NijmJH* «rieft t>u3*in%g 

Contact QLB tor additional into and available options 
We after a complete tine of transmitters and receivers, strips, preselector preamps, 
CWID'ers i synthesizers lor amaleur & commercial use 

Request out FREE catalog MC & Visa welcome V* 18- 


QLB ELECTRONKS, INC 

151 Commerce Pkwy., Buffalo, NY 14224 716.675*6740 9 to 4 


AMATEUR TELEVISION 


NEW 70 CM ATV TRANSCEIVER 

ALL YOU NEED IN ONE BOX 

% 

$299 delivered 

TC70- 


• FULL COLOR, SOUND, & LIVE ACTION (ust like broadcast TV. Gel on this 
exciting amateur video mode at our affordable ready to go price 

• WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? The TC70 Is 
downconverler outputs to any TV on ch 3 for receiving. Conneci a good 70 cm 
antonno and low loss coax. Plug in any compoaito video sourco you want to 
transmit: Camera, VCR, computer, etc. Plug In any low 2 dynamic mic or use 
color camera mtc for Standard 4.5 mHz TV sound. Connect to 13.8 vdc tor 
ba 3 e, mobile, or portable. See chapl. 20 1985 ARRL Handbook. That's Ml 

• WHAT CAN YOU DO WITH THE TC701 ATV TRANCEIVER? Show the shack, 
projects, computer program listings, home video tapes, repeat Space Shuttle 
audio and video if you hove a TVRO, repeat SSTV or RTTY. Weather Radar, do 
public service events such as parados, marathons, racos, CAP searches and 
rescues.. .the list goes on. DX depends on antonnas and terrain, typically 1 
to 40 miles. We have video compensated RF linear ompg for 20 ($119) or 50 
($589) watts pep for greater DX. 

• FEATURES: Small 7x7x25'. Push to Look (PTLJ T/R switching GaAslet 
downconverler tune3 whole 420450 mHz band Two switch selected video $ 
audio inputs., RCA phone locks and 10 pin color camera jack. Xmil video 
monitor output. Over 1 watt pep RF output on one or two (add $15) selected 
crystal controlled frequencies 439.25. 434.0. or 428.25 mH 2 . 

CALL OR WRITE FOR OUR CATALOG for more info or who is on in your area. We 
stock antennas, modules, and everything you need on ATV, 

TERMS: Visa, MC, or ca 3 h only UPS COOs by phone or mail, Checks must clear 
bank beloro shipment. Price includes UPS surface shipping in cont USA, Olliers 
odd 3% Transmilling equipment sold only to licensed Tech class or higher 
amateurs, verifiable In 1985 call book or copy ol new license, 

(818) 447-4565 m-f 8am-6pm pst. /CSj 

P.C. ELECTRONICS 2522 paxson Lane 

Tom W60RG Maryann WB6YSS Arcadia CA 91006 
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coaxial R. F. 

antenna switches 






Quality Communication Products Since 1932 
At yoMr Distributors write or call 
10 Canal Street. Bristol PA 19007 

(215) 788-5581 


mezz an 



I/O FOR REAL 
rORLO CONTRA 


j 


$ 199.95 


CALI Oft WRITE FOR 
MORE INFORMATION 




NOW ANY PERSONAL 
COMPUTER CAN HAVE THE 
MOST COST EFFECTIVE 
AND VERSATILE I/O BOARD 
ON THE MARKET TODAY! 


MODEL 
Cl P/35 A 

SHOWN 

WITHOUT 

COVER 



• Serial Link Interlace 
RS-232 or TTL 

• S Relay Outputs, High 
Current AC/DC Form 
A & C 

• 8 Opto'Isolated Inputs 
Pius 8 Bit Counter 

• 8 Bit A/D with Span 
Adjust 0 to 5V. 
Provisions lor up to 
8 input Channels 


• EASILY Programmed & Controlled 
Using BASIC Statements 

• Perfect (or Lab Work, Machine 
Control. Security Systems, 

& Data Acquisition 

• Unprecedented Usability as 
Attested by University, 
Government & industrial Users 

• Complete Documentation 

with Software Examples & Total 
Engineering Support 


IBM -HP 'RADIO SHACK •COMMODORE* 


SIAS 


* ALL REGISTERED TRADEMARKS 


=== 91 Engineering, Inc. 

831 S. POWERS RO. / SAUNA, KS 67401 / (913) 823*9209 
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Ferrite beads 

FB43-101 

FL1 

9-MHz crystal filter , Showa 
SF0922B or equivalent 

LI 

20 turns No. 26 on T37-2, 2-turn 
link 

L2 

20 turns No. 26 on 737-2; tap at 

10 turns 

L3 

10 turns No. 28 trifilar wound on 

7 37-2 

L4 

20 turns No. 26 on T37-2 

L5 

36 turns No. 32 on 1/4-inch 
form; tap at 9 turns , 
enclose in 1/2 x 1/2 x 3/4-inch 
shielded can 

L6 

12 turns No. 24 on T37-2, spread 
to occupy 80 percent of form 
length 

Q7, Q3,Q4,Q5 

MPF102 

02 

2N3906 

Q6 

2N2222A 

Q7 

DVr1201K (M/A-COM, 1742 Cren¬ 
shaw Bivd., Torrance , CA 90501} 

T1 

10 turns No. 28 tri filar wound on 
FT37-43 

T2 

10.7 MHz output transformer , 
green core 

T3 

10 turns No. 26 hifilar wound on 
FT37-61 

U1,U3,U5 

MC1496G 

U2 

MC1350P 

U4 

LM386 

VFO 

capacitor 

50 pFj 6;1 reduction drive 

Y7 

8998.5- kHz crystal, series 
resonant 

Z1 

Zener , 9 volts <S> 400 mA 


switching FET Q10. Delay time is set via an adjustable 
RC circuit on the gate of Q10. 

CW filter U6 is a two-stage audio-bandpass CW fil¬ 
ter (see fig. 4) built around a dual op-amp. This is a 
simplified version of a popular three-stage design. 5 
With the values shown, center frequency was meas¬ 
ured at 720 Hz. A response curve is shown in fig. 5. 

Finally, U7 is a monolithic 12-volt regulator that pro¬ 
tects and stabilizes voltage to all stages except the PA 
(see fig. 6). All T/R switching is handled by minia¬ 
ture DPDT relays K1 and K2. An extra set of contacts 
is available for switching an external amplifier. 

construction 

Space is limited, so choosing small components is 
important. All four boards were designed to accom¬ 
modate 1/4-watt resistors, low-voltage ceramic or 
monolithic caps, tantalum dips, miniature vertical trim- 
pots, and miniature trimmers. Attempting to substi¬ 
tute larger devices will quickly result in overcrowding. 

Monolithic capacitors were used in most frequency- 
critical rf circuits. Silver mica or high quality NPO 
ceramic devices can be substituted in most cases, as 































































































































































long as they're within 5 percent of specified values. 7. It's generally easier to mount low-profile compo- 

While polystyrene capacitors are typically specified for nents (such as resistors, capacitors, and ICs) first, 

frequency-critical elements in audio oscillators and saving taller items (like trimpots and inductors) for last, 

active filters, monolithics are much smaller and seem FT-type toroid cores should be coated with clear nail 

to work just as well. To ensure accuracy, I matched polish before winding to prevent damage to enameled 

active filter values carefully with a capacitance meter. wire insulation. Toroids and chokes should be installed 

Finally, I recommend using flexible small diameter wire last and glued in place to prevent movement and lead 

and lavalier microphone cable for jumpers and inter- breakage. When all parts and wires are installed on 

connections. Harnessing leads together will reduce the the top side, refer to fig. 8 and complete the bottom 

chance of breakage. A complete kit and most of the side, 

individual parts are available from Radiokit.* 

The parts layout for the main board is shown in fig. *For details, contact Radiokit, Box 973, Pelham, New Hampshire 03076. 
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fig. 4. CW filter module schematic. 



Construct the control module fig. 9, and the CW 
filter module fig. 10 in similar fashion. Solder all power 
and signal leads to the foil side of these boards. 

The PA circuit board is mounted onto the PA heat¬ 
sink before construction (foil side up). All components 
are mounted stripline-style by soldering them directly 
to the tracks (fig. 11). Note that a rectangular hole 
is cut in the board to accommodate mounting the PA 


transistor directly to the heatsink. Since the MRF479 
is an emitter-tab device, no insulating washer is used 
between the tab and ground. 6 

packaging 

I packaged my transceiver in an open frame cabi¬ 
net similar to what many commercial equipment 
manufacturers use. Mounting tabs for the main board 
were made by tacking solder lugs onto the foil, then 
fastening them onto the frame with No. 4-40 screws. 
The CW control board and CW filter modules were 
mounted into the main board with stiff bus wires. 
Crystal filter FL1, relay K2, and the meter are held in 
position with contact cement. Voltage regulator U7 
is fastened to the frame with No. 4-40 hardware. The 
PA is mounted to the outside of the back panel with 
3/4-inch spacers. This approach keeps circuit board 
and chassis wiring very accessible, and reduces the 
box size to a bare minimum. However, packaging is 
tight, and a cabinet of this type requires a metal shop 
and a fair amount of care to construct. 

Since layout isn't very critical, the transceiver can 
be constructed in any convenient case — as long as 
a few basics are taken into account to ensure VFO sta¬ 
bility. I recommend keeping the PA module on the out¬ 
side of the case to reduce interior temperature 
fluctuations during transmit. Also, make sure all ex¬ 
ternal VFO components are securely mounted and 
connected with short, rigid leads. Finally, route inter¬ 
stage wiring well away from VFO components. Mount¬ 
ed in a Hammond cast aluminum case, with a portable 
VCR battery, this rig would make an extremely tough 
and self-contained communications package for rough- 
and-tumble DX enthusiasts! 

Once the packaging is done, and all interconnec- 
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fig. 8. Wiring placement guide for main transceiver board. 







fig. 9A. CW control module pc board art (enlarged 2X). 
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fig. 9B. CW control module component placement guide. 


properly. Operation from a standard 12-volt battery 
may require regulating the main board at 10 volts with 
an adjustable device such as the LM317. 

tune-up 

The transceiver is easy to align (fig. 12). First, make 
sure both oscillators are functioning properly. Then 
monitor VFO output with a frequency counter or all¬ 
band receiver, and net VFO tuning into the 5.0 to 5.1 
MHz range. Large adjustments may require substitut- 



fig. 10A. CW audio filter pc board art (enlarged 2X). 


tions are made (fig. 6), it's time to double-check the 
wiring and connect a power supply. I use a compact 
13.8-volt supply that's capable of supplying 2.5 amps 
for intermittent periods. Although this supply is regu¬ 
lated, I added 2000 fiF to the output circuit to help the 
regulator track the current surge as the transmitter is 
keyed. Note that the transceiver's voltage regulator 
needs a supply voltage of at least 13 volts to function 



fig. 10B, CW audio filter component placement guide. 


ing fixed-value capacitors (the VFO calibration trim¬ 
mer has a range of about 50 kHz). Once the VFO tunes 
properly, the dial can be calibrated. 

Next, monitor BFO output and set up BFO trim¬ 
mers. When correctly adjusted, frequency on receive 
will be 8998.5 kHz (with -f 12 volts applied to the 
switching diode), and 8999.2 kHz on transmit (volt¬ 
age removed from the switching diode). This provides 
a standard 700-Hz transmit offset. Since the two trim¬ 
mers interact, some retuning will be necessary. 

To set up the receiver section, first adjust AGC bias 
to 5 volts as measured at test point No. 1; then zero 
the S-meter. Tune T2 for maximum background noise 
in the speaker. Finally, peak both receiver bandpass 
filter trimmers for maximum sensitivity at 14.050 MHz 
(make sure there are two signal peaks per revolution). 

Next, connect a power meter and dummy load to 
the transceiver output. To set a sidetone level, depress 
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fig. 11A. 15-watt PA pc board art (enlarged 2x). 


the key and adjust the sidetone trimmer for a reading 
of S9 on the S-meter. Then key the transmitter and 
peak transmit bandpass filter trimmers for maximum 
output. Use a nonmetallic tuning tool; one trimmer is 
part of a balanced circuit, and will be detuned by a 
metallic blade. Finally, key the transmitter and set the 
bias of driver Q7 to 3 volts. Measure bias voltage at 
test point No. 2 with a high-impedance voltmeter. 

The PA is broadbanded and requires no tuning. 
With a supply voltage of 13.8 volts, the indicated out- 


in Mere# 



fig. 11B. 15-watt PA component placement guide. 


put should be between 12 and 15 watts into a 50-ohm 
load. Set the rf meter's sensitivity by adjusting the 2-k 
rf meter trimmer on the PA board for a 3/4-scale read¬ 
ing. The semi-break-in delay trimmer can now be 
adjusted to suit sending speed and operating style. 

All that remains is to connect an antenna and try 
your luck. Antenna SWR should normally be held 
below 2:1 with solid-state rigs, and this one's no ex¬ 
ception. However, momentary accidents do happen, 
and my MRF479 PA has survived several with no dam¬ 
age. The rf meter can help you avoid trouble; it will 
read excessively high or low when a serious mismatch 
is present. 

conclusion 

As I called my first CQ, I wondered if 15 watts into 
a dipole would cut the mustard. After all, 20 is a popu¬ 
lar band, and finding a clear spot to operate can be 
difficult. My fears were quickly dispelled when a UG2 
came back and gave me a 579. Several more DX con¬ 
tacts followed — all with good reports. I quickly dis¬ 
covered that 15 watts was enough power to work 
almost anything I could hear, including ZLs and VKs. 
That reliability, along with "extras" like the CW filter, 
a smooth sidetone note, and semi-break-in, make this 
rig fun to operate. Now, all I really need is the proper 
test platform from which to field-test the transceiver's 
portable capability. A large schooner — something 
with two masts headed for a tropical island — would 
be just right! 
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CLOCK FREE 
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IN HOME 
SATELLITE 
TV? 
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THE HOME 
SATELLITE 
TELEVISION 
MAGAZINE 

A monthly of 100-plus pages—has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in¬ 
dustry insights! With your subscription to STV« you will 
receive a FREE LCD Calendar/Clock. 

• Only $19.95 per year (12 monthly issues) 

• $1.00 for sample copy 
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The best in satellite programming! Featuring: ★All 
Scheduled Channels ★Weekly Updated Listings 
★Magazine Format ★Complete Movie Listing ★All 
Sports Specials ★Prime Time Highlights ★Specials 
Listing and ★Programming Updates! 

• Only $45.00 per year (52 weekly issues) 

• 2 Years $79.00 (104 weekly issues) 

• $1.00 for sample copy 

Visa® and MasterCard® accepted (subscrip¬ 
tion orders only). All prices in US funds. Write 
for foreign rates. 
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STV®/OnSat® 
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fig, 128, Alignment control locations, power amplifier 
board. 
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fig. 12C. Alignment control locations, CW control 
module. 
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short circuit 


Figure 5(E), omitted from WIJR's "VHF/UHF 
World" in the May issue {page 92), appears below: 


fm 



fig. 5{E). This non-piercing above-the-boom mounting 
method, devised with the help of Don Cook, K1DPP, is 
recommended for homebrewed antennas. 



























compact travel antenna 


Complete the installation 
— add this antenna 
to your compact rig 

Traveling with a portable rig* is fun, but raising a 
temporary antenna can be difficult. For one thing, few 
resort managers are willing to lend their flagpoles and 
trees to unsightly wires that could garrote paying cus¬ 
tomers. And, of course, there's always the possibility 
of a mishap — a poorly thrown beanbag dimpling the 
roof of a vintage Mercedes, for example. These liabil¬ 
ities are real, and all too often I've settled for make¬ 
shift alternatives to avoid an unpleasant confrontation. 

Thinking there must be a better way, I set out to 
build an antenna that would provide solid on-the-road 
performance without scaring the spirit of cooperation 
out of resort owners. I started by writing down my 
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Loading coils: 

L1.L2 24 turns 3/4-Inch * 16 TPI coil sfoc* (04 W Wo. 3011 or Air Du* 61 $T> 
or 14 turns 1-J/2 inch * a TPI coil stock (B&W No. 3018 or Air Dux No 
1008). 

J1J2 9-lnch clip laads. 

fig. 1. Overall length of antenna is 21 feet, 4 inches, about 
66 percent of a full-sized dipole. Two 4.85 /*H inductors 
are required to resonate it at 14.05 MHz. Jumpers by¬ 
pass inductors for 21-30 MHz operation. 


*See KIBQT's "A Compact 20-meter CW Transceiver'' on page 
8 of this issue. 


I needs: it must be self-supporting, easy to mount, and 
collapsible; it must cover 14-30 MHz, perform \A/ith 
high efficiency in either vertical or horizontal polariza¬ 
tion, be made from available materials, and require no 
external matching devices. 

Remembering my old Cushcraft "Trick-Stick" VHF 
dipole, and how easy it was to set up and use, I 
reasoned that a loaded hf dipole of similar size might 
be the answer. 

design 

Since I didn't want a high-budget project, my first 
step was to raid my junk pile, where I found several 
4-1/2 foot lengths of 3/8-inch diameter thick-wall 
aluminum tubing. I decided that these would make 
sturdy center sections. 

Six-foot collapsible replacement antennas from 
Radio Shack would be perfect for the ends. This would 
give me a 21-foot element in four pieces (fig. II. Since 
21 feet is a healthy 66 percent of full size, I concluded 
that my antenna would be efficient, and provide a 
good match without need for special matching devices. 

loading coils 

Power handling wasn't a concern, since my port¬ 
able rig runs 15 watts. But efficiency was very impor¬ 
tant. With QRP and marginal locations, every watt 
counts! A friend who designs antennas for a living 
cautioned me against close-winding loading coils with 
enameled wire. His experience indicated that high-G 
air-wound stock is less lossy, and well worth the ex¬ 
tra investment. He said I might get away with using 
3/4-inch 16 TPI (turns per inch) miniductor for low 
power, but strongly recommended larger diameter 
stock with 8 or 10 TPI spacing. 

construction {see table 1) 

Since this antenna is intended for temporary use, 

Rick Littlefield, K1BQT, Box 114, Barrington, 
New Hampshire 03825 



June 1987 


29 

















electrical half wavelength (22 feet) of RG-58U direct¬ 
ly to the center block. This accommodates most out- 
the-window and off-the-balcony setups. Since this an¬ 
tenna is certain to be installed in imperfect locations, 
it may be especially beneficial to decouple the feed¬ 
line from the antenna. While a balun can be installed 
for this purpose, looping five or six tight turns in the 
feedline or slipping a few large ferrite beads over the 
cable jacket will prove just as effective. 

Feel free to modify the design to suit your own par¬ 
ticular needs. I've constructed a second version of the 
antenna that breaks down into 2-1/2 foot sections — 
just for air travel. A friend of mine built a ruggedized 



I concentrated on making it lightweight and easy to 
assemble in the field. The center block was made from 
a piece of 5-1 /2 inch x 3/4-inch plastic rod stock (see 
fig. 2). This material is fairly inexpensive, easy to 
machine, and available from most plastic supply 
houses. Each end was drilled to a depth of about 1-1/2 
inches to accept the 3/8-inch tubing. The block and 
tubing sections were drilled and tapped to accept a 
No. 4-40 screw, which locks each element in place. 
This screw also provides electrical connection for the 
feedline. The center of the block can then be drilled 
to accept any kind of mounting scheme, including the 
one shown here or a standard TV mast U-bolt. 

The loading coil and collapsible whip are construct¬ 
ed as a single assembly (see fig. 3). The coil support 
is a 3-inch length of 1/2-inch diameter plastic rod. A 
1/4-inch solid aluminum stub is installed in one end 
to mate with the 3/8-inch element tubing. The whip 
is inserted in the other end. Note the location of the 
solid insert at the base of the whip. The locking hole 
must be drilled through this insert to ensure a secure 
mount and good electrical contact. Install solder lugs 
on mounting hardware; these will be needed for con¬ 
necting the loading coils. If you plan to operate in foul 
weather, protect the coils with a plastic sleeve. With¬ 
out them, rain and snow may detune the antenna and 
make it temporarily unusable. 

To simplify feedline attachment, I hard wired an 


Table 1. List of materials for compact antenna. 

2 3/8-inch OD x 53-inch aluminum tubing 
2 1/4 x 3-inch aluminum rod 

1 3/4 x 3-1/2 inch aluminum channel stock 

1 3/4 x 5-1/2 inch plastic rod 

2 1/2 x 3-inch plastic rod 

2 Radio Shack 72-inch collapsible antenna (No. 270-1408). 


model for permanent installation on his TV mast. In 
reality, moving loading coils closer to the ends, ad¬ 
justing element lengths, and using different tubing 
schemes will probably do little to change performance. 
The most critical factors are keeping the length greater 
than 20 feet and using high-G loading coils to achieve 
resonance. A grid dip meter works fine for making in¬ 
itial adjustments. 

supports 

To support my antenna, I cut a 6-foot strip of 3/4 
x 1-inch poplar. Wood is preferable to metal in this 
application because it's strong, light, and less likely 
to damage or discolor woodwork. A short piece of 
3/4-inch aluminum channel stock was used to square 
the center block so it would lock securely into a square 
notch cut into the mast. A single 1/4-inch bolt holds 
the antenna in place (see fig. 4). 
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CHANNEi 
STOCK 


■ 1/4 BOLT 


Q o 


SQUABS 
NOTCH — 


fig. 4. A short piece of square channel stock locks center 
block firmly in place on support mast. A 1/4-inch bolt 
holds the antenna in place. 


HIGH T.O.A 

(LITTLE DIRECTIVITY) 


LOWER TO A. 
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LOW TO A. 

(USEFUL DIRECTIVITY) 


r.O.A. (TAKEOFF ANGLE) 



The monihly magazine with a natural blending ot two 
popular hobbies — Ham Radio and Computers 
+ Articles on Ham Radio & Most Personal Computers 
+ Hardware A Software Reviews 
* Various Computer Languages 
♦ Construction Articles 
♦ Much Much More 

Your #1 Source for PACKET Info 

"...received my moneys worth with just one 
issue ..." 

— J. Trenbick 

“...always stop to read CTM , even though 
most other magazines I receive (and write for) 
only get cursory examination ...” 

—Fred Blechman, K6UGT 


fig. 5. Conductive surfaces on buildings may be an ad¬ 
vantage or disadvantage, depending on how you use 
them. On 20 meters, placing a horizontal dipole near the 
surface of a conductive roof may produce poorer results 
than mounting vertically, or mounting off to one side 
of the building! 


When setting up the antenna, almost anything can 
be a potential supporting structure (window sills, bal¬ 
cony rails, fire escapes, standpipes, and existing TV 
masts are all favorites). Attaching antenna and mast 
to one of these supports can be a real exercise in 
"jerry-rig" engineering. Having the right tools helps! 
Gaffer's tape, lightweight ratcheting C-clamps (Stan¬ 
ley 83-157 or equivalent) and motorcycle bungle cords 
are essential tools of the trade for the imaginative field- 
installer! 

performance 

For initial testing, I mounted the antenna out a sec¬ 
ond story window, about 5-1/2 feet from the side of 
the building. Sections went together without difficul¬ 
ty, and the completed assembly seemed well balanced 
and easy to handle. The support mast was clamped 
to the window casement with a C-clamp. 

After pruning the loading coils for resonance at 
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9 MHz CRYSTAL FILTERS 

tyODEL 

XF9A 
XF-9B 
XF-9B-01 
XF-9B02 
XF-9B-10 
XF-9C 
XF-9D 
XF-9E 
XF-9M 
XF-9NB 
XF-9P 
XF-910 

10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Invilod, Shipping: S3 75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands. 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 


Appli* 

cation 

Band¬ 

width 

Poles 

Price 

SSB 

2.4 

kHz 

5 

$81 00 

SSB 

2.4 

kHz 

8 

83.00 

LSB 

2 4 

kHz 

8 

nooo 

USB 

24 

kHz 

8 

110 00 

SSB 

2.4 

kHz 

10 

145.00 

AM 

3.75 

• kH 2 

8 

B9.00 

AM 

5.0 

kHz 

8 

89.00 

FM 

12.0 

kHz 

8 

89,00 

GW 

500 

Hz 

4 

62 00 

cw 

500 

Hz 

8 

127 00 

cw 

250 

Hz 

8 

175 00 

IF noise 

15 

kHz 

2 

21.00 


MMk 

MMk 

MMc 

MMc 

MMc 

MMC 


2M 

MML 

MML 

MML 

MML 

MML 


1691*137 
1296-1*146 
439-ATV 
432-28(3) 
144-28(HI 
144-28 


P) 


27000 
190 00 
99.00 
70 00 
73 00 
60.00 


MMl 

MMx 

MMl 

MMl 

MMl 

MMl 


1296-1446 

1268-144 

432-28IS) 

144-28(R) 

144 28 

435-28FS) 


LINEAR POWER AMPLIFIERS 


144-30-LS 
144-50-S 
144-100 S 
144-100-LS 
144-200-S 


145 00 
160 00 
225.00 
250.00 
500.00 


70cm 

MML 432-30-L 
MML 432-50 
MML 432-100 


ANTENNAS 

2M 

10XY-2M 

70cm: 

70/MBM28 
70/M BM 4 8 
70/MBM88 
DY20-900 MHz 


$80 00 


$50 00 
70.00 
115 00 
80,00 


370 00 
290.00 
280 00 
400,00 
200.00 
300.00 


245.00 
220.00 
450 00 


^ 160 


LOOP YAGIS 

1268-LY 55.00 

1296-LY 55 00 

1691-LY 65.00 

order loop yagi connector extra 



Send 66? (3 stamps) lor lull details ot an our VHF & UHF equipments and KVG crystal 
products fjKjjgy 

mm 


Shipping: FOB Concord. Mass 
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BASEBALL CAP 

How about an attractive BASEBALL style cap 
that has name and call on it It (jives a 
jauniy air when worn at Hamtests and it is 
a great help lor friends who have never 
me! to spot names and calls lor easy 
recognition. Great for birthdays, anmver 
sanes.special days, whatever occasion 
Hats come in the following colors 
GOLD. BLUE. RED. KELLY GREEN 
Please send call and name 
(maximum 6 letters per line) 

UFBC-81 $6.00 


WA2SRF 



mam 


> • ut.J I m 


^Vt/l/ 


BOOKSTORE 

Greenville, NH 
03048 

Please add $3.50 
for shipping 
and handling 




1.0. BAOGES 

No ham should be without an I 0 badge 
It’s |ust the thing lor club meetings, 
conventions, and get-togethers, and you have a 
wide choice ol colors Have your name and call «n 
graved in either standard or script type on 
one ol these piastre laminated I D badges 
Available m the following color combinations 
(badge/lettenng) white/red, wood- 
grain/white, blue/whitc, while/black, 
yellow/blue, red/white, green/while, metallic 
gold/black, metallic silver/black 
iUID Engraved I D Badge $2.50 


14.05 MHz, ! measured a minimum SWR of 1.4:1. My 
noise bridge read the impedence as 38 ohms — an ac¬ 
ceptable load for broadbanded solid-state rigs. Listen¬ 
ing across the band, I was encouraged to hear several 
599 + signals. Running 15 watts, I called two lengthy 
CQs, both yielding no reply. Beginning to think the 
worst, I tried again. This time, a much-welcomed CT3 
came back with a 569 report. Several more DX and 
stateside contacts followed, with signal ranging from 
559 to 589. Flipping the antenna to vertical polariza¬ 
tion brought similar results. 

other bands 

Although untested on the other bands, this anten¬ 
na should do very well on 18, 21, 24, and 30 MHz. 
For 18-MHz operation, simply readjust the collapsible 
end sections for minimum SWR, For 21 MHz and up, 
place 8-inch jumper wires across each loading coil (the 
extra jumper length is needed to make the antenna 
resonate at 21.0 MHz). Collapsing the length of the 
end sections (with jumpers in place) will provide con¬ 
tinuous coverage through 10 meters. 

site suggestions 

Here are some tips to help you achieve maximum 
performance: 

• Look for a high, open location. Get above the 
roofline if you can, but keep directivity and takeoff an¬ 
gle in mind (fig. 5). 

• Keep the antenna at least 5 or 6 feet from the 
building surface. Proximity to electrical wiring, foil 
insulation, and structural metal can detune it. Bend¬ 
ing elements outward may help to decouple the ends 
from a metal structure. 

• When you side-mount to a building, try to 
locate the antenna on the side facing the desired 
direction of transmission. Better to use the struc¬ 
ture as a reflector than as a shield! 

• If there are horizontal wires close by, vertical 
polarization may work better. When using verti¬ 
cal polarization, make sure the bottom leg is at least 
6 feet above ground. Also, make sure the antenna is 
clear of people and pets. Even QRP rigs can develop 
enough rf potential at element tips to cause painful 
burns and injury. 

conclusion 

Whether you're jet-setting to VP2-land, driving 
cross-country, or working tabletop DX from the local 
flea market, a good portable antenna will help you get 
on the air with a minimum of hassle and frustration. 

I am continually pleased with how well this one has 
worked for me. On occasion, it has even been spot¬ 
ted emerging from my office window ... at lunch¬ 
time, of course! 

ham radio 





ham radio 


TECHNIQUES fry 


time and frequency 
station WWVS 

I couldn't resist the temptation. 
Driving along the south coast of Kauai 
Island, Hawaii, I saw a sign reading 
U.S. Department of Commerce , Na¬ 
tional Bureau of Standards Radio Sta¬ 
tion WWVH. In a microsecond, I 
turned off the highway and headed 
toward a brace of interesting looking 
antennas. After passing through a 
checkpoint, I quickly arrived at WWVH 
and was greeted by Ernie Farrow, the 
Engineer-in-Charge. 

What an interesting visit! A low- 
frequency DXer would have been vis¬ 
ibly shaken by the sight of the ex¬ 
tensive vertical antenna and ground 
screen for the 2.5-MHz transmissions 
of WWVH. The antenna would be a 
''bomb" on 160 meters! 

Ernie surprised me when he men¬ 
tioned the time and frequency trans¬ 
missions from WWVS, a station I 
never knew existed. WWVS, it seems, 
refers to the satellite-disseminated time 
code using the GOES (Geostationary 
Operational Environmental Satellite) 
satellites of NOAA (National Oceanic 
and Atmospheric Administration). The 
time code can be used for general- 
purpose reference time in the Western 
Hemisphere from two satellites on a 
nearly full-time basis. 

The two active GOES satellites are 
in orbit over the Pacific. The satellite 
that serves the western United States, 
Canada, and western South America 
operates at 468.825 MHz and is locat¬ 
ed at 135 degrees West Longitude. 
The eastern satellite can be received 
on 468.8375 MHz and is positioned at 


75 degrees West Longitude to serve 
the eastern seaboard of the United 
States, as well as Brazil and western 
Africa. 

The time code to the satellites is sent 
from Wallops Island, Virginia. Because 
the path delay to and from the satel¬ 
lite is about 260,000 microseconds, the 
signals are advanced in time by this 
amount. The arrival time of the signal 
back on earth is corrected to within 16 
microseconds. Other path delays are 
known, and the exact satellite position 
is included in the downlink signal for 
correction by the observer. 

Additional information on the trans¬ 
missions via WWVS and general data 
on time signals can be obtained in 
NBS Special Publication 432, available 
from Time and Frequency Division, 
National Bureau of Standards, Boul¬ 
der, Colorado 80303. 

Many thanks to Ernie Farrow at 
WWVH for an interesting tour, which 
is recommended to all visitors to the 
south coast of Kauai Island. Aloha, 
Ernie, and Mahalo! 

(Note: Want to participate in the 
NBS 1987 survey? A brief explanation 
and a tear-out, postage-paid survey 
form follow this article. — Ed.) 

nothing new under the 
sun! 

Sam Pavone, W2DDN, sent me a 
copy of the original patent on the top- 
loaded vertical antenna, in common 
use today as a broadcast antenna and 
also as a DX antenna on the low fre¬ 
quency ham bands (see fig. 1). Looks 
familiar, doesn't it? Even the current 
distribution curve (marked "3") is what 
one would expect from an antenna of 
this type. 


The U.S. Patent No. 930,746, how¬ 
ever, was granted to Simon Eisenstein 
of Kiev, Russia on August 10, 1909! 
The preamble of the patent refers to 
Simon as “a subject of the Czar of 
Russia, residing in Kiew [sic), in said 
Empire of Russia." The patent then 
goes on to define the current in the an¬ 
tenna in terms of degrees and discuss¬ 
es the problem of corona discharge. In 
spite of the fact that the patent was 
witnessed by a lady with the unlikely 
name of Fannie Fisk, it is apparent that 
Simon knew his onions. I wonder what 
happened to him? Did he disappear 
from the pages of history after filing 
this contribution to radio communi¬ 
cation? 

the W0SVM minibeam 
design 

Jack Sobel, W0SVM, has been 
working for some months on a min- 
ature beam antenna for hams who 
have restricted air space. His basic de¬ 
sign consists of out-of-phase, loaded 
dipoles in the familiar W8JK config¬ 
uration (fig. 2). Jack's first design is 
for a 40-meter beam with 7.5-foot 
spacing. Element lengths are about 37 
feet. This is about half the size of 
a conventional 40-meter, 2-element 
beam. The experimental antenna uses 
No. 12 AWG copper wire for the ele¬ 
ments and is hung between two sup¬ 
ports. Eight-foot spreaders made of 
wood or PVC pipe are used for the test 
antenna. 

The radiation resistance of the an¬ 
tenna seems to be about 5 ohms, so 
its operational bandwidth is small. 
Jack feeds the antenna with a 50-ohm 
coax line and uses a Transmatch at the 
station to permit operation over a 
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reasonable portion of the 40-meter 
band. The phasing line between the 
elements is coiled up on the boom, or 
spreader. Jack hopes to get his anten¬ 
na up high in the air so he can run 
some real operational tests. Perhaps 
with the coming of spring, he'll get 
some on-the-air tests with this interest¬ 
ing, compact antenna. 

Jack has also built a compact beam 
of this design for 21-MHz operation. 
Spacing is less than 6 feet and overall 
element length is about 12 feet. For the 
elements, he uses 3/4-inch diameter 
copper pipe, available from plumbing 
supply stores in 10-foot lengths. 

By changing the length of the phas¬ 
ing line, the beam pattern can be made 
unidirectional. As shown in the illus¬ 
trations, both beams have a figure-8, 
bidirectional pattern, as is common 
with the W8JK antenna design. 

Jack is experiencing lobe-splitting 
with the antenna and it remains to be 
seen if the simple feed system is dis¬ 
torting the antenna pattern. This 
problem won't be solved until milder 
weather comes to Missouri. Stay 
tuned for the latest developments, 

more on "white noise" 

My January column discussing the 
problem of "white noise" in the 
modern frequency-synthesized ham 
gear drew a lot of interesting mail. 
Obviously, I'm not the only one who 
has noticed this problem. Synthesizer 
noise is well known in the industry. 
Standards of measurement have been 
developed and most modern military 
and commercial communication equip¬ 
ment has limitations on this type of an¬ 
noying radiation. 

An interesting letter from Tom Bay, 
OZ5KG, outlines the ongoing problem 
he and other European Amateurs have 
had with a BBC (British Broadcasting 
Corporation) transmitter operating in 
the early morning hours on 7120 kHz. 
Tom provided the BBC with spectrum 
photographs showing the sideband 
noise, as monitored in Denmark. 

While the problem has not been 
solved, the transmitter is now shifted 
to another frequency outside the 
40-meter Amateur band, so the gener¬ 



fig. 1. Patent application of August 10, 
1909 shows original drawing of top- 
loaded vertical antenna. 


ated noise doesn't affect the Danish 
Amateurs. This spring the BBC will 
again resume transmissions on 7120 
kHz; it will be interesting to see if the 
wideband noise is still present on the 
signal. 

phase noise standard? 

Another letter came from John 
Grebenkemper, KA3LBO, of Saratoga, 
California. John said, in part, that the 
problem of excessive phase noise in 
phase-locked oscillators (PLO) isn't in¬ 
herently due to the phase-locking of 
the oscillator. According to John, it's 
attributable, rather, to the necessity of 
keeping manufacturing costs under 
control. 

John wrote, Inpre-PLL days, the os¬ 
cillator would be designed with good 
coils and good capacitors in order to 
achieve temperature stability . This also 
resulted in a design which had a very 
high-Q oscillator resonant circuit. The 
high Q means that the oscillator is very 
good at filtering out the phase noise 
far away from the carrier. However, 
the newer designs that have PL Os can 
use much cheaper components be¬ 
cause the phase-lock circuitry can now 
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2.30 MHz 12V (* 

28V) 


PN 


Rating 

Net Ea. 

Match Pr 

MRF421 

Q 

100W 

$24.00 

$53.00 

MRF422* 


1S0W 

38.00 

80.00 

MRF433 


12 5W 

11.00 

26 00 

MRF449, A 

Q 

30W 

12.50 

30.00 

MRF450. A 

Q 

SOW 

14.00 

31.00 

MRF453,/A 

Q 

60W 

15.00 

35.00 

MRF454, A 

Q 

80W 

15.00 

34 00 

MRF455.A 

Q 

60W 

12.00 

28 00 

MRF475 


12W 

3.00 

9.00 

MRF476 


3W 

2.75 

8 00 

MRF477 


40W 

12 00 

26.00 

MRF479 


15W 

1000 

23.00 

MRF465* 


15W 

6.00 

15.00 

MRF492 

Q 

90 W 

16.75 

37.50 

MRF492A 

O 

90W 

19.75 

43 50 

SRF2072 

Q 

65W 

13.50 

31.00 

SRF3662 

Q 

now 

25.00 

54.00 

SRF3775 

O 

75W 

13 50 

31.00 

SRF3795 

Q 

90W 

16.00 

37.00 

3800 

O 

100W 

18.75 

41.00 

2SC2290 

Q 

80W 

19.75 

45.50 

2SC2879 

Q 

100W 

25 00 

54.00 

O Selected High Cain Matched Quads Available 


VHP UHF TRANSISTORS 



Rating 

MHz 

Net Ea. 

Match Pr. 

MRF224 

40 W 

136-174 

13.50 

32.00 

MRF237 

4W 

136-174 

2.70 

— 

MRF238 

30W 

136-174 

13.00 

30.00 

MRF239 

30W 

136-174 

15.00 

35,00 

MRF240, A 

40W 

136-174 

15.00 

35.00 

MRF245 

80 W 

136-174 

28 00 

65.00 

MRF247 

75W 

136-174 

27.00 

63.00 

MRF248 

BOW 

136-174 

33.00 

71.00 

MRF641 

15W 

407-512 

22,00 

49.00 

MRF644 

25W 

407-512 

24 00 

54 00 

MRF646 

40W 

407-512 

26 50 

59 00 

MRF648 

60W 

407-512 

33.00 

69.00 

S01441 

150W 

136-174 

74.50 

170.00 

SOI 447 

100W 

136-174 

32 50 

78.00 

2N6080 

4W 

136-174 

6.25 

— 


2N6081 

2N6062 

2N6083 

2N6084 


15W 

25W 

30W 

40W 


136-174 

136-174 

136-174 

136-174 


8.00 

9.50 

9,75 

13.00 


24.00 

31.00 


J03020 

$15.00 

2N1522 

$11.95 

JO3055 

31.00 

2N3866 

1.25 

MRF134 

16 00 

2N4048 

11.95 

MRF136 

21.00 

2N4427 

1.25 

MRF137 

3700 

2N5590 

6.00 

MRF138 

35 00 

2N5591 

11.00 

MRF140 

89.00 

2N5642 

11.00 

MRF148 

35 00 

2N5643 

13.75 

MRF150 

89 00 

2N5646 

13.00 

MRF172 

62 00 

2N5945 

10 00 

MRF174 

80.00 

2N5946 

10.25 

MRF208 

11 50 

2N6255 

2.50 

MRF406 

12.00 

2SC1307 

2.50 

MRF458 

20.00 

2SC1946 

16.50 

MRF497 

10 00 

2SC2097 

29.50 

MRF515 

2.50 

2SC2312 

4.75 

MRF607 

2 50 

2SC2630 

24.75 

MRF630 

3 50 

2SW VHP MODULES 

MRF843 

22 50 

SAV6 

34.50 

MRF846 

43 50 

SAV7 

34 50 

MRF873 

24 50 

M57733 

(use SAV7) 

NE41137 

3.50 

SC1019 

(use SAV7) 


We stock RF Power transistors for Atlas, KLM, Collins, 
Yaesu, Kenwood, Cubic, Mirage, Motorola, Regency, 
etc. Cross-reference on CO, PT, SO, SRF, JO, and 2SC P Ns. 

Orders received by 1 PM are shipped UPS same day. 
Minimum order twenty dollars. COO/VISA'MC 
Foreign Orders Accepted 

Call: (619) 744-0728 

FAX: (619) 744-1943 


§F'4§ 


RF PARTS 

U20 Grand Avenue 
San Marcos CA 92069 
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1C-735 List Juris 

IC-735 Gen, Cvg. Xcvr $999.00 Call $ 

IC-75lAGen. Cvg. Xcvr 1649.00 Call $ 

R7000Gen. Cvg, Rcvr. 1099.00 Call $ 

R71A Gen. Cvg Rcvr. 949,00 Call $ 

IC-27A/H FM Mobile 25w/45w 429/459 Call $ 

IC-20A/H FM Mobile 25w/45w 429/459 Call $ 

IC-37A FM Mobile 25w 499.00 Call $ 

IC-47A 440 Mobile 25w 549.00 Call $ 

IC-04AT UHF HT 449.00 Call $ 

IC-48A UHF 45w 459.00 Call $ 

IC-38A FM Mobile 25w 459.00 Call $ 

IC-02AT FM HT 399.00 Call $ 

IC-^i2AT Micro HT 329.00 Call $ 


KENWOOD 




m 



3919 Sepulveda Blvd. 
Culver City. CA 90230 
213-390-8003 
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fig. 2. The experimental mini-W8JK beam of W0SVM. Elements lie in the horizontal plane. 
The center of the middle section of coax attaches to the center of coil L2, while this cable's 
shjeld is tapped nine turns from center. Connections are reversed at LI. The middle sec¬ 
tion of coax is wrapped into a coil and taped to the boom. 


remove the local oscillator drift. There¬ 
fore, the manufacturer uses less ex¬ 
pensive coils and capacitors and gets 
an oscillator which has a much lower 
Q and higher phase noise. The fact 
that the oscillator is phase-locked does 
not prevent the generation of noise 
that is far removed from the carrier. 

/ would suggest that Amateurs 
generate a set of standards for local 
oscillator phase noise. These standards 
would be much less stringent than 
some of the numbers that you men¬ 
tion. They only need to be adequate 
to guarantee non-interference based 
upon a reasonable set of assumptions. 

/ would suggest something on the 
order of — T40 dBc/Hz at whatever 
offset frequency one desires to achieve 
no interference. This would guarantee 
no interference for a 1-kW effective 
isotropic radiated power transmitter at 
a distance of 1 mile. A number of 
Amateur transceivers could then be 


tested as to how well they meet these 
standards. 

/ have made phase noise measure¬ 
ments on an ICOM 745. It has a phase 
noise of better than - 120 dBc/Hz at a 
10-kHz offset , and better than 
~~ 125/Hz at a 100-kHz offset. / think 
that is a pretty dean transceiver. 

John closes his letter by saying: 
Phase noise is really in the same state 
as receiver dynamic range was 10 to 
15 years ago. It yet has to be ad¬ 
dressed by specific articles which deal 
with its causes, effects , and how to 
measure it. 

I wish to thank the following in- 
dividuals who sent me comments on 
white noise and also provided some in¬ 
teresting material on this subject: 

• Dr. William J. Robertson, 
W8KHO, who sent a reprint of his 
article, "The Effects of Transmitter 

_ 4 __ 

*A more realistic value might be - 125 dBc/l Iz at 10 
kM? offset. W6SAI 



















































Noise and Receiver Local Oscillator 
Noise in a Co-site Environment"; 

• Douglas R. Schmieskors, Jr., 
WA6DYW, who sent a reprint of 
"Phase Noise Intermodulation and 
Dynamic Range," written by Peter 
Chadwick of Plessey Semiconductors, 
Swindon, England; 

• Chod Harris, VP2ML, who sent 
copies of the "DX Bulletin," which 
summarized problems various Ama¬ 
teurs have had with white noise; 

• Art Block, W3YK, who reported 
severe white noise on his synthesized 
transceiver when subjected to heavy 
off-channel interference; 

• Hal Jones, W6ZVV, who sent a 
reprint of "Oscillator with Odd-sym¬ 
metrical Characteristics Eliminates Low 
Frequency Noise Sidebands," from 
the IEEE Transactions on Circuits and 
Systems , September, 1984. 

More information on the subject is 
coming in. Stay tuned. 

ham radio 



THE DIGITAL NOVICE 

by Jim Grubbs, K9EI 

Now that novices have digital privileges, there 
are thousands of new Amateurs anxiously 
awaiting to get on-the-air. Who’s going to 
answer their questions, however? Jim Grubbs’ 
new book, The Digital Novice, is written with 
beginner’s needs in mind. Each of the popular 
digital modes is fully covered with a brief 
history and full description of how it works. 
Hardware and software are covered in clear, 
concise terms. The book finishes with a look 
toward the future. Four appendixes cover; 
Morse, Baudot, AMTOP and ASCII Codes and 
has a glossary full of commonly used but 
misunderstood terms. Great for beginners and 
experts alike. ©1987 1st edition 

□JG-DN Softbound $9.95 


^ 150 


THE RACKET RADIO 
HANDBOOK 

by Jonathan Mayo, KR3T 

Packet radio is the fastest growing mode in 
Amateur operation today. No wonder — it 
combines the power of today’s microcomputer 
with worldwide digital communications. New¬ 
comers will find this book to be full of helpful 
tip's, tricks and information that will help get 
them on Packet as quickly as possible. Providing 
you first with packet basics, this book 
progresses through the inner workings and 
operational aspects of packet to a look at 
future technology still in developmental stages. 
Also includes; using bulletin boards, traffic 
handling on packet, modulation methods and 
networking principles, protocols (both AX.25 
and VADCG) and a thorough discussion of the 
various TNCs and accessories available. 
©1987 1st Edition 218 pages. 

□T-2722 Softbound $14.95 

Please enclose $3.50 to cover shipping and handling. 


radio , . bookstore 

GREENVILLE, NH 03048 603~878f44t 
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NBS time and frequency survey 


% 

Uncle Sam 
wants your input 

The National Bureau of Standards has invited read¬ 
ers to participate in its 1987 survey of users of NBS 
time and frequency services. More than 10,000 
responses to the last survey (1975) were received; ac¬ 
cording to the NBS, these were "invaluable" in plan¬ 
ning and carrying out the mission of the NBS over the 
past decade. 



WWV and WWVB signals are broadcast from these anten¬ 
nas located about 7 miles north of Fort Collins, Colorado. The 
tall WWVB (60-kHz) array is fed from the building at left 
center, and the WWV antennas are powered from the build¬ 
ing at right center. {Most of the WWV vertical dipoles are to 
the right, and scarcely visible.) Traces of the buried ground 
plane wires radiate from under the WWVB array. 


( This year the NBS is expanding the scope of its 
survey to include not only WWV, WWVH, and their 
associated telephone-accessible time-of-day services, 
but also the WWVB 60-kHz service and the newer 
GOES satellite time code broadcasts. Your responses 
will help NBS provide the best mix and levels of time 
and frequency services in the future, consistent with 
your needs and NBS resources. 

Please answer each question that is appropriate to 
your use of the NBS services. Even if you answer only 
some of the questions, your responses will be of great 
help to NBS. If your responses represent the views 
of an entire organizational unit, please indicate that 
fact, clearly identifying the name of the organization 
you represent. 

For those who may be relatively unfamiliar with the 
present NBS services, the term GOES, as used in the 
questionnaire, refers to the Geostationary Operation¬ 
al Environmental Satellites that broadcast the NBS 
time code. DUT1 refers to information included in NBS 
broadcast formats that provides the approximate 
difference between the UT1 astronomical time scale 
and the UTC atomic time scale. Marine Weather refers 
to the marine storm warning announcements provid¬ 
ed on WWV and WWVH, and Geoalerts refers to the 
WWV announcements relating to solar activity and 
solar-terrestrial conditions. Omega refers to the WWV 
and WWVH announcements that relate to the current 
status of the U.S. Coast Guard's Omega Navigation 
System. BCD Time Code refers to the time-of-day in¬ 
formation in binary-coded-decimal form provided on 
100-Hz subcarriers on WWV and WWVH. 

Please cut out and mail your completed ques¬ 
tionnaire to the Time and Frequency Division, 
524.00, National Bureau of Standards. 325 Broad¬ 
way, Boulder, Colorado 80303. (No postage is 
necessary if mailed within the United States.) 

United States Department of Commerce, 
National Bureau of Standards, 325 Broadway, 
Boulder, Colorado 80303 
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the TEXNET 

packet-switching network 

part 3: software overview 


Z-80 assembly language 

software offers 
multi-node, multi-user 
versatility in real time 

In previous installments of this three-part se¬ 
ries, 12 we described network algorithms and the de¬ 
sign and testing of network hardware. This month, 
we'll discuss node control software. 

Contained in a single 27C256 ROM, the software 
determines the functions and user features offered by 
the network nodes. Highly modular in design, the soft¬ 
ware was written in Z-80 assembly language for two 
reasons: one, because the wide array of services 
offered by a single node put memory space at a pre¬ 
mium; and two, because one or more of each node's 
ports would be operating at 9600 bps, therefore stress¬ 
ing real-time capacity. 

Because space is limited, we'll discuss the functions 
of specific software areas rather than describe the soft¬ 
ware itself in detail. Figure 1 illustrates a typical node, 
with each major software area indicated by a circled 
reference letter. 


I common logic 

The common logic portion of the software package, 
identified as A in fig- i, is responsible for memory 
allocation and management, real-time scheduling, and 
interfacing to the various hardware I/O devices, such 
as SIO's and the CTC. As an example of these house¬ 
keeping tasks, let's look at memory management. Be¬ 
cause there are many more users for memory than 
there is memory capacity, memory management — 
specifically in regard to time-sharing — is critical to 
efficient system operation. The generic problem with 
most memory management schemes, however, is 
deadlock , which occurs, for example, when a memory 
user has some memory allocated and needs more to 
complete the job, but can't get more because of 
what's already been assigned. The node software 
package follows a procedure known as load shedding 
to prevent deadlock; it does this by finding the "old¬ 
est" and largest consumer of memory and aborting 
his resource allocation. 

The largest section of the common logic is the multi 
virtual connection PAD (Packet Assembly/Disassem¬ 
bly) logic. This general-purpose software has a stan¬ 
dard interface to the higher layers of software wishing 
to use its services. The PAD is completely state table 
driven and currently implements the ARRL AX.25 VI .0 
and V2.0 protocol specification. The PAD supports a 
variable number of simultaneous virtual connections 

Thomas H. Aschenbrenner, WB5PUC, and 
Thomas C. McDermott, N5EG, Texas Packet 
Radio Society, P.O. Box 831566, Richardson, 
Texas 75083-1566 
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COMMON LOGIC 


-MEMORY MANAGEMENT, SCHEDULING, HARDWARE DRIVERS 
-multiple virtual CONNECT AX. 25 PAO 
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fig. 1. Node software block diagram shows hardware/software boundary and layering of various software functions. 


(currently set to 20), with any of the virtual connec¬ 
tions conforming to either VI.0 or V2.0 of AX.25. 
Selection of VI or V2 operation is determined by the 
users' setting of their TNCs — for example, if they're 
running VI, then the node will act like a VI TNC when 
they connect. Users running V2 will see the node as 
a V2 device. 

The PAD, which supports up to eight physical com¬ 
munications channels (four SIO's), has been tested in 
a multiport configuration with both 9600 bps and 1200 
bps, operating simultaneously without loss of data. In 
order to achieve this performance level for 9600-bps 
operation, a nested interrupt structure (the interrupt 
service routines are themselves interruptible) which 
would allow timely response to interrupts from the 
9600-bps port(s) had to be designed. 


The common logic provides a number of features 
of the node. All users of the node see the node as a 
series of AX.25 addresses. For example, this is how 
users see the Garland, Texas node: 

W9DDD-2 1st conference bridge 
W9DDD-3 2nd conference bridge 
W9DDD-4 TEXNET Access 
W9DDD-5 Node's local console 
W9DDD-6 Test access 

These applications will be explained shortly; what's 
important to note here is that all of the addresses have 
the same Amateur call, W9DDD, and that the appli¬ 
cation is selected according to the SSID. (This method 
of operation is only one configuration of the address 
database. Instead of using the same call (W9DDD) five 
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times, different calls could have been configured, with 
the SSID held constant. The node will support any 
combination of the above examples.) 

The common logic also supports various restriction 
and parameter tables. New connections to any AX.25 
address of the node can be inhibited as a function of 
the number of digipeaters used to get to the node. This 
has been found to be useful in reducing channel con¬ 
gestion attributable to excessive retries on long 
digipeater paths to a specific node. The preferred 
method is to put a network node near enough to the 
user group and carry the traffic on the network back¬ 
bone trunks. 

Parameters managed by the common logic, on a 
per-physical port basis, include all of those specified 
in the AX.25 protocol (i.e., T1, T2, T3, K, N2, etc.) 
and some unique to this application. It was found 
desirable to define the AX.25 T3 timer as either an all- 
seems-well timer (its original function) or an auto- 
disconnect timer. In the auto-disconnect mode, if a 
user's virtual connection is idle for greater than the 
T3 time value {nominally 3 minutes) he or she is auto¬ 
matically disconnected from the node, thereby making 
room for other users. This mode can be overridden 
by the ALERT network mode, which will be discussed 
below. 

Finally, the common logic is responsible for gather¬ 
ing statistics for the node. Two main groups of statis¬ 
tics are collected. The first are those that aid in "traffic 
engineering" the node. Quantities such as the amount 
of memory in use, the maximum amount ever used, 
and the total available allow visibility into the level of 
service being provided and indicate whether or not 
more RAM should be allocated to the free memory 
pool, thus decreasing memory space available for ap¬ 
plications. Experience indicates that a free memory 
pool of approximately 30K, allocatable in about 
200-byte chunks, provides good service with enough 
reserve capacity to handle rather large impulse loads, 
such as congestion on 9600-bps trunk circuits. 

The second group of statistics collected are those 
having to do with node use. Quantities such as the 
number of frames transmitted, received, and retrans¬ 
mitted for each physical channel yield data on overall 
network use, thereby suggesting possible additions to 
the node or changes in network configuration. These 
numbers can also be used to determine the perfor¬ 
mance level of network trunks. 

multi-node network logic 

As illustrated, the multi-node network logic (see B 
in fig. 1) is supported by the common logic. In turn, 
it supports higher-level applications such as Network 
Administration, User Intercommunication, and the 
Packet Message Server. 



The multi-node network logic is a datagram-based 
system that can support up to 256 node locations with 
as many as 20 simultaneous users at each node. All 
network nodes interconnect via permanent virtual con¬ 
nections between them. 

The network is a database-driven system that fea¬ 
tures an extremely user-friendly termination-based 
routing structure. The network provides end-to-end 
flow control to eliminate internal congestion. A user's 
TNC "going busy" causes a network message to be 
sent to the far node, which in turn will "busy" the sub¬ 
ject port at the far node, thus causing the remote 
user's TNC to stop sending. 

In order to allow for an increased level of reliability, 
the network allows for alternate routing of data via 
multiple routes to a single node. Controlled by the 
node's database, alternate routing is automatically per¬ 
formed upon detection by a node that its first-choice 
route has failed. 

The network provides substantial feedback to the 
user community via a mechanism called Network In¬ 
formation Codes (NIC). These NICs are printed at a 
user's terminal when something unusual happens that 
will affect the performance of the network from the 
user's viewpoint. 

For an example of NIC operation, and for further 
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illustration and explanation, see fig. 2, which illustrates 
the network test configuration as it was in Dallas when 
this article was being prepared. This test configura¬ 
tion was used for software testing during the develop¬ 
ment phase and for a series of operational tests during 
the beta-test phase. 

The system shown in fig. 2 is located in the north 
Dallas area. No particular attention was paid to the 
geographical locations except for convenience of 
access for testing. The illustrated network architec¬ 
ture was chosen because it provides for testing of all 
possible configurations of actual network operation. 

Each of the four nodes has an Amateur call sign 
assigned as its user-access AX.25 address. Each node 
also has a mnemonic name to which all users refer 
when asking the network for services. For example, 
Node 4 has a user-access address of N5EG-4, and is 
referred to by users in ail network commands as 
MURPHY. (Note: MURPHY is named for its location 
in Murphy, Texas — not in honor of the universal law 
of the same name.) 

In an actual geographically dispersed network, the 
user community around each node has to know only 
their own node's user access address (N5EG-4 in the 
example above). They refer to all other nodes in the 
network by the network node names (GARLAND, 
MURPHY, DALLAS, Tl [Texas Instruments Radio 
Club] — see fig. 2). 

Also shown in fig. 2 are typical user stations, labeled 
User i through User 5. These stations are standard 
Amateur packet stations equipped with commercially 
available TNCs and VHF transceivers. 

the network users' interface 

The Network Users' Interface (see C in fig. 1) pro¬ 
vides the user's view of the network. Referring to fig. 
2, if User 5 were to connect to WB5PUC-4, he would 
see the following displayed on his screen: 

C WB5PUC4 

♦♦♦Connected to WB5PUC4 

WB5PUC4 Virtual Connection 06 at 18:32:20 on 11/20/86 
"♦♦Welcome to TEXHET*** 

Network Cmd? 

At this point he can issue any of the network com¬ 
mands or just disconnect if he's finished. 

network command structure 

The network command structure is as follows: 

• (3DINODENAME. The NODENAME field may con¬ 
sist of any valid network node name. Valid node names 
may be two to seven characters long and can consist 
of any ASCII character except carriage return. As 
indicated in fig. 2, these names are MURPHY, GAR¬ 
LAND, Tl, and DALLAS in our test configuration. 
User entry of a name not recognized by the node as 


valid will result in a message to the user indicating that 
an invalid node name has been entered. A list of valid 
names will be printed to allow correction of the error. 

Because any command may be destined for any 
node, most commands are terminated by the (6) 
NODENAME field. Some commands have an implied 
node name. Commands that are currently implemented 
are listed in table 1. For purposes of this description, 
the network commands are divided into two categor¬ 
ies: User and Administration. Note that this division 
is for explanation only; any user may execute any com¬ 
mand. Those who simply want to communicate via 
the network need learn only the commands listed in 
the User category. A much smaller group of people 
— those who are responsible for network engineer¬ 
ing and administration — need to learn the Adminis¬ 
tration commands. 

While the command words are spelled out fully in 
table 1 , only the first character must be entered for 
most commands — for example, H for HELP. Table 
1 includes examples of network commands and their 
abbreviated formats. 

• HELP. The user entering this command is given a 
partial list of commands (those marked "user") and 
referred to the network operation manual for further 
enlightenment. This strategy, rather than the on-line 
tutorial method, was chosen in order to reduce chan¬ 
nel congestion. All new users are sent a copy of the 
TEXNET manual; this eliminates trial-and-error learn- 


Table 1. Active network commands can be typed by user in 
response to the network command prompt, which is received 
after the user does a standard connect to the node. 


Type 

Command 

Parameters 

Example using 

User 

Help 

() = optional input 
None 

abbreviated command 

H 

User 

Circuit 

Call sign 
(via Digij 

C W5ABC (S> Dallas 

C W5ABCV WA5LXS 
<g> Dallas 

User 

Locations 

None 

L 

User 

Message 

Nona 

M 

User 

Alert-on 

None 

A -on 

User 

Alert-off 

None 

A -off 

Admin 

Statistics 

None 

S @ Dallas 

Admin 

Initialize 

None 

1 @> Dallas 

Admin 

Time 

(DDMMVVHHMM) T @ Dallas 

T 0108871420 
@ Dallas 

Admin 

Route add 

26 bytes of 
information 

R A 01. 

7F <§D Dallas 

Admin 

Route delete 

Number 

R D 2 Dallas 

Admin 

Point 

Function 

number 

P E 2 <g> Dallas 

PD2@ Dallas 

PS@ Dallas 
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ing on the air, which results in more efficient use of 
channel space. 

• The CIRCUIT command tells the network the 
desired destination of the user's connection. See fig. 
2; if User I wanted to communicate with User 4, he 
would enter the following at the command prompt: 

C W5ABC @ Tl 

Obviously, this example assumes that User 4's call 
sign is W5ABC. Note that User 1 doesn't need to know 
how the network will connect to User 4; he just enters 
the terminating node name Tl, and it's the network's 
responsibility to figure out how to route the message 
to TL 

The routing strategy is accomplished by the data¬ 
base in a node's knowing which of its adjacent nodes 
should be used to get to a remote node. It's a tradeoff, 
in that it makes the node database somewhat more 
complex — but it does allow the users an extremely 
easy interface. 

Because the users don't need to know the physical 
configuration of the network in order to communicate, 
the network administration group can change it at will 
without having to inform (and thus re-educate) the en¬ 
tire user community. This routing strategy takes ad¬ 
vantage of the disparity between the number of times 
users access the network to communicate (very large) 
versus the number of times the administration group 
adds or makes changes; to a node (very small). The 
increased burden on the administration group is more 
than offset by the benefit to users. 

In order to compensate for incomplete geographic 
network coverage, the CIRCUIT command allows an 
optional string of digipeaters to try to connect to the 
desired station. Thus, 

C W5ABC V WA5LXS @ Tl 

would cause the remote node Tl to attempt to con¬ 
nect to W5ABC, using WA5LXS as a digipeater. Up 
to two digipeaters can be specified in the CIRCUIT 
command. 

Operations note: whenever a remote node attempts 
to connect to a station (as when Tl attempts to con¬ 
nect to W5ABC in our example), the node will use Ver¬ 
sion 2 of the AX.25 protocol unless a digipeater is 
specified. If a digipeater is specified, the remote node 
will attempt the connect using Version 1 AX.25. This 
is because there are still some digipeaters around that 
won't accommodate Version 2. 

After User I enters the CIRCUIT network command, 
one of three things will happen. First, his CRT may 
display the message, 

Your connection is established 

in which case he's being advised that the desired re¬ 
mote user (User 4) is on line. At the far side, our re¬ 


mote user (User 4) would receive the following on his 
screen: 

***Connected to K50JI-4 

***Linked to W5DEF at Murphy via Texnet 

Therefore, User 4 knows exactly to whom he is con¬ 
nected via the network, and where the originating sta¬ 
tion is located. The above example, of course, 
assumes User 1's call is W5DEF. 

The "*** Linked to" string received from the net¬ 
work allows a W0RLI-compatible BBS system to know 
who the real user is (W5DEF) rather than thinking it 
is connected to the node (K50JI-4). 

The second possible message is: 

Remote user not responding 

In this case. User 1 is informed that connection is im¬ 
possible. This could occur for a number of reasons: 
the remote station may not have its equipment turned 
on, or it may be turned on but involved in another 
QSO. 

The third possibility is receipt of an NIC message. 
Using our example, if user 1 received: 

Network information code 017 from Dallas 

he could look in the TEXNET manual and find that 
code 017 means his attempt was routed as far as Dal¬ 
las, but couldn't be routed further because of a net¬ 
work trunk outage. This can then be reported to 
network administration for remedial action. 

• The LOCATIONS command allows users to ask the 
node for a list of remote locations which can be 
reached through the network. 

• The MESSAGE command gives any network user, 
regardless of node location, access to the network 
Packet Message Server (PMS) logic. Details of the 
PMS subsystem will be covered below; for the mo¬ 
ment, let's just say that it's a network-wide message 
file system similar to the WORLI bulletin board system. 

It's important to note that users at any node in the 
network don't need to know where in the network the 
PMS system is physically located. All a user needs to 
do is type MESSAGE or M, and the network takes care 
of routing to PMS. In the test configuration shown 
in fig. 2, PMS is actually located at Node 1 or Dallas, 
but very few users are aware of this, since they can 
connect to any node to access PMS. Once the net¬ 
work has established a connection for the user to 
PMS, the user can enter PMS commands to store, 
list, or read messages. 

• ALERT-ON AND ALERT-OFF enable or disable a 
special mode of operation called ALERT, which is 
especially designed for accommodating emergency 
traffic handling via packet radio. The ALERT mode can 
be enabled from any node in the network. When a user 
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connects to any node and issues the ALERT-ON net¬ 
work command, his or her node will send a "broad¬ 
cast" command to all other nodes in the network 
informing them that ALERT mode is being enabled and 
telling each the name of the originating node. At this 
point, several things happen in every node. 

Users connecting to the network are informed that 
an ALERT is in progress. Let's assume that a user at 
Dallas has enabled the ALERT mode. As in our pre¬ 
vious example. User 1 wants to communicate with 
User 4; when he tries to connect, however, he receives 
the following message on his CRT: 

♦♦♦Connected to N5EG-4 

N5EG4 Virtual Connection 03 at 08:30:20 on 12/15/86 
Pis disconnect unless your traffic is related to the network 
alert in progress from Dallas. 

♦♦Welcome to TEXNEP* 

Network cmd? 

When ALERT is enabled, all user automatic discon¬ 
nect timing is disabled. Thus, instead of the standard 
3-minute idle time disconnect, to which all users are 
subject, all nodes will allow connections of unlimited 
duration to their ports. This disconnect timing suspen¬ 
sion affects all connects to the node. Thus, if groups 
of users want to use their node's conference bridges 
to handle emergency traffic, they can remain connect¬ 
ed indefinitely. User connects to PMS may also be of 
indefinite duration. 

With the enabling of ALERT, a special mode of PMS 
that provides a real-time message exchange between 
the multiple users connected to PMS is also enabled. 
Thus, when one user SENDS (see PMS description 
below) to another, all of the standard PMS functions 
are invoked. In addition, after automatically saving 
the message on disk, PMS will check to see if the ad¬ 
dressee is currently connected to PMS on another of 
its logical ports. If he is, PMS will automatically dis¬ 
play the message at the addressee's terminal. 

With this mode of operation enabled, PMS becomes 
a real-time message forwarding system among its con¬ 
nected users, with the added feature that all messages 
are archived to the disk. This feature can be extreme¬ 
ly useful in emergency government communications 
back-up, since the stations connected to PMS could 
be physically located anywhere along the network. 

For a Department of Public Safety (DPS) exercise, 
for example, Amateurs equipped with standard pack¬ 
et equipment could be located in each community's 
DPS office. Each station would be connected, via the 
network, to one of the logical ports of PMS. Because 
the ALERT mode would be enabled, they would be 
able to stay connected indefinitely — remember, DISC 
(disconnect) timing is inhibited with the enabling of 
ALERT — and each time one station uses the stan¬ 
dard S feature of PMS, the message would be dis¬ 


played in real time at the receive station. Of course, 
the message would be automatically saved to disk so 
the receive station can review it at will. Other advan¬ 
tages of this technique include a complete on-disk 
record of all messages (useful for exercise postmor¬ 
tems) and the fact that other connected stations may 
review all communications except those sent as pri¬ 
vate messages. 

• The STATISTICS command, when issued with the 
NODENAME parameter, causes the local node to 
acquire the operational statistics of the remote nodes. 
The statistics counters in a node aren't cleared by this 
command; this allows timed interval measurements to 
be taken. Every midnight, all statistics counters are 
cleared to zero. 

The following are the statistics kept at each node 
and therefore available via the STATISTICS command: 

Frame buffers available 

Frame buffers in use 

Maximum frame buffers ever used 

Total connects 

Connects to weather 

Connects to conference bridge 

Connects to network 

Network circuits active 

Maximum network circuits ever active 

Packets sent on each physical channel 

Packets received on each physical channel 

Packets re-sent on each physical channel 

In addition, the real time at the subject node is sent 
back with the statistics. By looking at some of the 
statistics returned, the network administrators can 
make various engineering judgments about the level 
of service being provided by a node to its user com¬ 
munity. Quantitative measurements of the activity of 
a node's local user community, and of which node 
services are being used, can also be made. 

• The INITIALIZE command is the means of remotely 
restarting any node. When a node receives an INI¬ 
TIALIZE command directed to it from someplace on 
the network, two functions are executed. First, upon 
receipt and decoding of the command, the software 
kills all activity in the node for 30 seconds. This delay 
allows time for adjacent nodes to have their network 
trunks to the subject node time out because of the 
subject nodes' lack of activity. This action gracefully 
removes the subject node from the network fabric. At 
the end of the delay period, the subject node does a 
cold restart, thus appearing to the rest of the network 
as if it had just been turned on. In response to this 
action, the subject node — after consulting its data¬ 
base —■ establishes network trunks to the appropriate 
adjacent nodes. Network operation is now re-estab¬ 
lished. 
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The second thing that happens upon receipt of an 
INITIALIZE command is the activation of an external 
hardware fail-safe circuit. Buried in the INITIALIZE 
command as it traverses the network is a unique bit 
sequence generated by the originating node and spe¬ 
cific to the subject node. Upon detection of the bit 
sequence by the subject node's external hardware fail¬ 
safe circuit, the master reset line of the Z-80 is assert¬ 
ed. This technique obviates the above discussion on 
the software execution of the INITIALIZE command 
unless, of course, there's a failure in the fail-safe hard¬ 
ware itself. The combination of the two techniques 
would require a double failure in a node before the abil¬ 
ity to remotely reset it would be lost. 

• The TIME command, when issued by a user at any 
node and directed to a specific remote node, will cause 
the real-time clock at the remote node to be updated 
to the time contained in the message. If no time para¬ 
meter is input by the originating user, then the cur¬ 
rent time at the user's node is sent to the remote. If 
the time parameter is entered by the user, his or her 
node's real-time clock is updated with the input time 
before its value is sent to the remote node. 

• ROUTE ADD/DELETE. S ince in every node the 
ROM routing table is copied to RAM for operation^ 
it may be changed by being added to or deleted from. 
The ROUTE commands are the means by which new 
nodes can temporarily be added to an existing network 
or by which the network configuration can be changed 
to accommodate a failure or some other special event. 

• POINT COMMAND. This command is used to con¬ 
trol external equipment at any node site. Within each 
node control point (NCP), there are 5 bits of input and 
5 bits of output available for external use. These bits, 
called control points, could be used to control and mo¬ 
nitor anything that interfaces via contact closures. Co- 
located equipment at the node site, such as other 
repeaters, could take full advantage of digital control 
via this feature of the NCP. 

The POINT command allows full on/off control of 
the output points. For example, suppose a co-located 
voice repeater at the GARLAND node needed to be 
controlled. NCP output Point 1 could then be wired 
to the voice repeater's control relay, and perhaps NCP 
input Point 1 would be wired to one of the control relay 
contacts to allow monitoring of relay closure. 

Any authorized packet station, anywhere on the net¬ 
work, can issue the following command to enable the 
co-located voice repeater: 

POINT ENABLE 1 <5> GARLAND 
or for short, 

PE1@ GARLAND 


Displayed on the CRT — after the network has 
passed the POINT command to the GARLAND node 
and the command was executed — would be: 

Control Points at Garland Are 
Point: 1 2 3 4 5 6 7 8 

Input: EDDDDDDD 

Output: E D D D D D D 

Since the control operator knows that Control Point 
1 is wired to the voice repeater, he can see that it's 
enabled, and by looking at Input Point 1, confirm that 
the control relay is closed. 

Any time the control operator wishes to check if the 
voice repeater is on, he needs only to type P S <S> 
GARLAND to get the status display of the control 
functions. When he chooses to shut the voice repeater 
down, he enters P D 1 @ GARLAND at the network 
command prompt. Again the status will be displayed 
on his screen in response to the command, allowing 
confirmation that shutdown has occurred. 

One important use of the POINT command is the 
control of a pair of control points wired over to the 
node's Uninterruptible Power Supply (UPS). By de¬ 
sign, the UPS has a control lead which, when enabled, 
forces the UPS to switch from ac to battery. Another 
UPS lead provides an indication that the UPS has 
switched to battery operation. 

In a normal node configuration, Control Point 5 
input and output are wired to the UPS control leads. 
This allows any node in the network to be instructed 
to operate off battery power by the simple issuance 
of the P E 5 <3> Node command. Issuing the P D 5 
(8> Node command restores the node to ac operation. 
This feature allows weekly testing of the UPS to en¬ 
sure that it would be effective during an emergency. 

network internals 

It may be interesting at this point to describe some 
of the internal workings of the network software, 
which has the ability to establish, kill, and communi¬ 
cate over any number of virtual connections. Thus, 
at system startup, the network application executes 
logic to find out who its neighboring nodes are. It then 
establishes a virtual connection to each, over whatever 
physical channel is specified to be used as the network 
trunk. This virtual connection is left up forever. All sub¬ 
sequent communications from this node to its neigh¬ 
bor, whether user data or network management data, 
travel over this permanent virtual connection. Addi 
tional logic determines the network configuration for 
the node's routing table. 

A special byte string is added to the beginning of 
all packets going over a network trunk. This string, 
known as a Network Header Block (NHB), consists 
of a minimum of 5 bytes: 
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NHB.RNN Destination Node Number 
NHB.RLC Destination Virtual Connection 
Number 

NHB.LNN Originating Node Number 
NHB.LLC Originating Virtual Connection 
Number 

NHB.NCF Network Control Field 

- - Any Network or User Data 

When a node receives information from a virtual 
connection marked as a network trunk, it examines 
the NHB. Looking at NHB element NHB.RNN, it 
checks to see if the received string is for this node. 
If it isn't, the node consults its routing table to see 
on which of its trunk circuits (virtual connections) it 
is to retransmit the string. This is known as transit rout- 
ing, and it's extremely fast, thereby yielding a large 
node bandwidth in this mode. If the examination of 
NHB.RNN confirms that the string is for this node, 
the NHB.NCF byte is decoded to tell the node the 
proper action to take on the received string. There are 
over 15 valid network control fields in the current de¬ 
sign, so it wouldn't be practical to cover them all here; 
therefore, well choose just one as a simple example. 

The example will be of a remote node (perhaps 
many hops, or nodes, away — we don't know, and 
we don't care if the information came to us via transit 
routing through multiple nodes) asking us to send our 
operational statistics. When we finally receive the 
string, we find it's directed to our node; moreover, 
after examining the network control field, we see it 
is set at 01 HEX, which tells us that the remote wants 
us to send our collected statistics. Our response to this 
is to reverse the NHB items so we can send informa - 
tion back to the requester and reset the network 
control field to 02 HEX, which will inform the re¬ 
quester, when he receives the string, that we respond¬ 
ed. We append approximately 40 bytes to the string. 
These appended bytes are the operational statistics 
we've been collecting, which is what the remote 
requested. 

the packet message server 

The PMS logic (see D in fig. 1), resident within a 
node, allows a simple three-chip interface to a West¬ 
ern Digital WD 1002-05G disk controller and a stan¬ 
dard ST506 5-Megabyte hard disk to become a 
network wide integrated message storage/retrieval 
system. Normally, only one disk is required per net¬ 
work. It's possible, however, in a very large network, 
to assign specific groups of nodes to a given PMS, 
in which case there could be more than one PMS disk. 
The PMS logic is resident in each node, but only the 
node(s) equipped with a physical disk allow it to 
execute. 


From an individual user's viewpoint, the PMS looks 
and acts like a WORU bulletin board system. This 
choice of operational methods was made to reduce 
the amount of end-user training required. It also aids 
in the transition that must occur when all users in a 
given area are switching from being served by an in- 
place WORU system to the PMS system running on 
the network. Because of the similarities between the 
familiar WORU system and the PMS, this discussion 
will not cover details such as how the SEND, READ, 
KILL, and other commands work, but will instead con¬ 
centrate on the PMS's enhancements. 

Because the PMS system is designed to provide 
message service for all the users of a network subre¬ 
gion, the bandwidth requirements are greater than 
those found in other message systems. Unlike exist¬ 
ing message systems, which have the ability to serv¬ 
ice only one user at a time, the PMS system allows 
up to ten users to log on simultaneously, providing 
the same grade of service, relative to response time, 
to each. 

The storage element in a PMS is a 5-Megabyte hard 
disk. These disks are equipped with four head assem¬ 
blies and a platter assembly capable of accommodat¬ 
ing 154 cylinders. To make use of these characteristics 
and to provide the response time needed, the software 
was expressly designed to have a message file struc¬ 
ture that takes advantage of the physical characteris¬ 
tics of the disk. The first time a new node is energized, 
tKe disk is automatically formatted and then con¬ 
figured to the necessary file structure. Every restart 
thereafter preserves all saved messages. 

The combination of the hard drive and special file 
structure results in an incredibly small response time; 
even with multiple users, each user has a real-time re¬ 
sponse from the PMS, with a delay of less than 1 sec¬ 
ond. In tests run on the Dallas network test 
configuration, remote network users accessing the 
PMS via a 9600-bps network trunk observed no differ¬ 
ence in response time from that observed by users 
directly connected to a PMS system. Both ex¬ 
perienced a response time of less than 1 second. Most 
operational response time delay was attributable to 
congestion on the 1200-bps final link to the user. 

The PMS system supports up to 500 active mes¬ 
sages from a message number range of 1 to 99,999. 
There's no difference in response time if a user is ac¬ 
cessing Message No. 1, 500, or 50,000. 

All active messages are subject to the auto-delete 
function of the PMS. An undeleted message will re¬ 
main in PMS for no fewer than 14 days and no more 
than 28 days before being automatically deleted by the 
system. While these times are variable, users seem to 
find them satisfactory. 

Important note: the PMS message system is 
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designed to run completely unattended. No SYSOP 
is required. All duties previously performed by people 
running mailboxes are done automatically by the PMS 
logic. 

The PMS system can run "stand-alone" — for ex¬ 
ample, with its user community geographically near 
the PMS equipment thus replacing an existing mail¬ 
box system. In testing this configuration, a version of 
the software was put into an MFJ 1270 TNC-2 with 
a hard disk interfaced to it. This system is currently 
used as a demo system for other groups of Amateurs 
wishing to participate in TEXNET. 

PMS is used primarily as a network-wide message 
system. In its network configuration, any user locat¬ 
ed anywhere on the network may, after receiving the 
network command prompt, issue only the MESSAGE 
command to be automatically routed over the network 
to his servicing PMS. Referring again to fig, 2, the 
PMS equipment (all that's required in addition to an 
existing NCP is the disk controller and hard drive) is 
physically located at Node 1 in our Dallas test system. 
Any user can connect to any other node by issuing 
a connect request to the desired nodes call and using 
the -4 SSID. After this, all that must be done is to issue 
the MESSAGE command. The next thing that appears 
on the CRT is the text from PMS. 

Since the PMS is network-compatible, it knows who 
the originator is as well as where (i.e., at what node 
name — DALLAS, GARLAND, Tl, etc.) he's located. 
All of this is used automatically whenever a user does 
an S command to send a message to another user. 
If, after doing the message send, the user does a 
simple R (in PMS, the R with no qualifier or number 
will read back the last message number), he'll see that 
his call and the name of his node have been automat¬ 
ically entered in the message header. 

In order to provide a message interface between an 
entire network and the existing Amateur message for¬ 
warding system, the PMS supports a subset of mes¬ 
sage forwarding. All messages that network users 
enter into PMS and which require forwarding will be 
passed by PMS to a single WORLI system for eventual 
forwarding by the existing systems. The identification 
of this WORLI system is contained in the node's data¬ 
base. This same WORLI system can also forward 
messages into the PMS system for reading by all net¬ 
work users. PMS is designed to follow the standard 
forwarding protocol and uses a direct access port to 
connect with the WORLI system. For example, in fig. 
2, Node 1, containing the PMS system, will access 
the WA5MWD BBS system in Dallas by using its 
WB5PUC-7 direct access port. The WA5MWD BBS 
system can pass messages into the network by con¬ 
necting to WB5PUC-7, The WA5MWD box doesn't 
know it's talking to the network system; it thinks it's 
talking to just another standard WORLI system. 


non-network local services 

The following are services provided by each network 
node on a standard basis. These services are indepen¬ 
dent of the network, but still extremely useful: 

Multi-user Conference Bridge 
National Weather Service interface 
Local Node Console 
Debug Aid 
Digipeating 


multi-user conference bridge 3 

The multi-user conference bridge {see £ in fig. 1) 
logic allows up to six remote users to hold a round¬ 
table conversation with each remote, with the ability 
to see all text generated by all other remotes. Each 
remote user has a direct AX.25 connect to a logical 
port on the conference bridge. Upon reception of a 
packet of information from one user, the bridge will 
make multiple copies and send one to each of the 
other connected users. Since each user has an AX.25 
connect to the bridge, he's assured of not losing pack¬ 
ets, since the bridge will retry upon lack of an ac¬ 
knowledgment from the affected remote. 

As the text is being transmitted to a remote user, 
it's modified to show which of the other remotes orig¬ 
inated it. Therefore, all users not only see all text from 
each other, but know who originated it. 

In a standard software package, the conference 
bridge logic simultaneously supports two completely 
independent six-party conferences. Each of these in¬ 
dependent conference bridges is accessed by remotes 
using unique SSIDs, (usually -2 and -3), 

Since the bridge logic is supported by the common 
logic, any of the remote users may be operating in 
either AX.25 version 1 or 2. Text is transferred among 
users without regard to versions used by individual 
remotes. 

At any time during a conference, any of the users 
may type CONTROL-U. Upon receipt of this charac¬ 
ter, the conference bridge logic will respond by send¬ 
ing the requester a list of call signs of all other remote 
users currently connected to the conference bridge. 
Any of the remotes may exit an established confer¬ 
ence, and other remotes may join (on a noninterfer¬ 
ence basis) the conference in progress. 

Tests conducted in the Dallas area show the con¬ 
ference bridge to be a cleaner and more reliable way 
for groups to hold multi-user roundtable connects than 
the UN PROTO mode available on standard TNCs. This 
is because of the built-in advantage of error-free AX.25 
connects combined with the fact that each remote has 
to have a good path only to the conference bridge, 
not to all other users. 
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NWS interface 

The National Weather Service (NWS) application 
(see F in fig. 1) runs concurrently with others at a 
node. Typically, Pne node in each region could have 
this application enabled and interfaced via a standard 
75-wpm, Baudot-encoded, 20-mA landline to the 
National Weather Service. 

The NWS wire feed provides raw weather data for 
a large geographic region. The NWS logic monitors 
all received data, but selects and stores only those 
NWS products (for example, region forecasts, severe 
storm alerts, thunderstorm warnings, etc.) which have 
their unique codes programmed into the node's data¬ 
base. The NWS logic currently supports 30 code se¬ 
quences, with each having the ability to be from 2 to 
11 characters in length. This code format is consis¬ 
tent with the nine-character sequence utilized as a 
standard by the NWS. 

Remote users connect to the node's NWS logic by 
means of a unique SSID (usually -1). Up to ten remote 
users may be connected to a node's NWS logic simul¬ 
taneously. Upon connection to the logic, the system 
will wait for the remote user to enter a single product 
designator — for example, a user in Dallas who enters 
"D" causes the node to send the current Dallas area 
weather forecast. Entering a question mark prints the 
entire list of stored product designators. 

All remote users are assured of receiving the latest 
data because the node updates its buffers in real time, 
as new information is received from the weather 
bureau. At 2 A.M. each day, the node clears all buffers 
to eliminate products sent infrequently by the weather 
service. 

local CRT console 

Figure 1 (see G) shows the local console CRT logic 
“sitting on top of" the common logic. The CRT logic 
at each node allows a locally connected standard 
ASCII CRT to originate and terminate connects with 
any standard TNC. In operation, it uses a unique SSID 
(usually -5) to distinguish itself from other node ser¬ 
vices. The local console logic isn't meant to be a full 
TNC-human user interface, as commercial TNCs are. 
Instead, this logic provides a minimum subset of 
human user commands that are necessary for testing 
and administration of the node. Table 2 contains ex¬ 
amples of command types supported; some specific 
commands follow. 

• The ORIGINATE ON PHYSICAL CHANNEL 

command allows the user to select which physical 
channel is to be used for originating connects. The 
console will accept connects from any physical chan¬ 
nel, but will do so only if it's not currently busy. This 
command allows the console to originate on the phys¬ 
ical channel connected to the 1200 bps radios and, 


Table 2. Command types supported by TEXNET's CRT 
logic. 

Command Type 

Format 

ORIGINATE ON 

ON where N - 0. 

PHYSICAL CHANNEL 

1, etc. = physical channel 

CONNECT 

C W5ABC V WA5MWD, N5EG 

DISCONNECT 

D 

BUSY 

B 

FRAME TRACE 

FT 

LOCAL TIME SET 

LT DDMMYYHHMM 

STANDARD MODE 

SM 

VERSION SELECT 

VI 


therefore, look like a standard user. Also allowed are 
connections to be established to any other node site 
via the 9600-bps trunk circuits. The latter is particu¬ 
larly useful for troubleshooting remote nodes from our 
network control site. 

• CONNECT AND DISCONNECT are identical to the 
commands on any standard TNC. 

• BUSY sets the console into a busy state to facili¬ 
tate troubleshooting the network's end-to-end flow 
control logic. 

• FRAME TRACE is similar to that command on any 
standard TNC in that it provides a real-time look at all 
frames as they're received by any physical channel on 
the node. Displayed are both hex and ASCII equiva¬ 
lents of the received frame. 

• LOCAL TIME SET allows maintenance personnel 
to reset the real-time wall clock at a node. This com¬ 
mand usually isn't used because it's possible to set 
the time at any node in the network from any other 
node using the network TIME command. 

• STANDARD MODE permits an unused bit in the 
standard AX.25 protocol to be toggled. This bit is util¬ 
ized by the PAD logic, network logic, and debug logic 
to signify that the remote is a special user capable of 
accessing advanced functions. 

• VERSION SELECT allows the local console to orig¬ 
inate connects in either AX.25 VI or V2. This com¬ 
mand controls only the originating version, since the 
common logic automatically accommodates either ver¬ 
sion on terminating connects. 

The local console CRT interfaces to the NCR via one 
half of an SIO, which can be strapped for multiple 
baud rates. The console employs a 1000-character 
buffer to accommodate the speed differences between 
incoming text and the rate of display. Because the 
local console need not be equipped on a node, the 
console logic handles cases where no hardware is 
present. 
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Table 3. Some commands and functions supported by the debug logic. 


Command 

Format 

Description 

MEMORY 

M Adr1,Adr2 

M Adrl 

Do a hex dump from memory location Adrl to Adr2. 

Display the contents of memory location Adrl and then wait for new con¬ 
tents to be entered. Entering a period escapes this mode. 

COPY 

C Adrl, Adr2, Adr3 

Copy the contents of memory locations Adrl to Adr2 to the new location, 
beginning with Adr3, 

"(OFFSET) 

* Adrl 

The offset (*) register is useful for input arithmetic. For example, setting 
the * register to 1000H (*1000) allows subsequent entering of M*+2 to 
display location 1002H. 

HEX ARITH 

H Numl + Num2 - Num3 

Perform hex arithmetic on any entered numbers. Addition and subtraction 
are supported with support of the offset (*) register. 

PORT 

P75 

Display the contents of the Z-80 I/O address 75H, then wait for a new 
number to be input. Entering a period escapes this mode. 

INITIALIZE 

1 Adrl, Adr2, Num 

Initialize the memory block from Adrl to Adr2 with the number (Num) 
entered. 

EXECUTE 

E Adrl 

Transfer execution control to Adrl with the Z-80 registers initialized per the 
"R" command. 

REGISTER 

R 

Display and allow change of the Z-80 register file 

X DIAGNOSTIC 

X Adrl, Adr2 

Run read/write/verify memory diagnostics on the memory block Adrl to 
Adr2. 


debugger 

The debug logic (see H in fig. 1) has proved to be 
an invaluable aid in initial software debug as well as 
in system integration. The debugger at any node is 
accessed by specially authorized remote users via 
requesting a connect to the node utilizing a given SSID 
(usually -6). This logic supports a single user and in- 
hibits others from connecting if someone is currently 
active. 

The debugger executes concurrently with the net¬ 
work logic and the PMS, as well as at the same appli¬ 
cation level (see fig. 1). Accessed from the common 
logic, it is used as an aid in debugging these and other 
applications in an on-line manner. 

Table 3 describes some of the commands and func¬ 
tions which are currently supported by the debug 
logic. 

digipeating 

Unless inhibited from doing so by the database, 
every network node can also function as a local 
digipeater (see / in fig, 1) for whatever frequency is 
being used as an input. In Dallas, it's 145.05. Multiple 
digipeater addresses are supported, thus allowing for 
any number of ALIASES or standard AX.25 addresses. 
It should be noted here that the PAD addresses men¬ 
tioned above and the digipeater addresses are com¬ 
pletely separate. 

Enhanced digipeating is supported by the node be¬ 
cause the output physical channel for retransmission 
of a packet is a function of both the digipeater address 


and the physical channel on which the packet was 
received. Thus, it's possible to have a cross-frequency 
digipeater using no special tricks or logic. For exam¬ 
ple, N5EG-8 (Node 4, MURPHY) is configured to be 
a bidirectional cross-frequency digipeater between 2 
meters and 450 MHz. This has proven to be extraor¬ 
dinarily useful in network software construction be¬ 
cause it allows access to a remote node (one which 
is potentially many hops away) via digipeating over 
the 9600-bps trunk circuits. This method of access 
completely bypasses all other software and is, there¬ 
fore, useful (in conjunction with the debugger) in 
troubleshooting. 

conclusion 

Thanks to the members of the Texas Packet Radio 
Society for helping to make this series of articles 
possible. 

We'd like to hear from developers and users of other 
packet systems to learn what you're doing. Please 
address correspondence (enclose SASE) to Tom 
McDermott, N5EG, The Texas Packet Radio Society, 
P.O. Box 831566, Richardson, Texas 75083-1566. 

references 

1. Thomas H Aschenbrenner, WB5PUC, and Thomas C. McDermott, N5E.G, 
"The TEXNET Packet Switching Network: Part 1 — System Definition and 
Design," ham radio, March, 1987, page 29. 

2 Thomas H Aschenbrenner, WB5PUC, and Thomas C. McDermott, N5EG, 
"The TEXNET Packet Switching Network: Part 2 Hardware Design," ham 
radio, April, 1987, page 29 

3. BiH Wade, WD5HJP, "Packet Radio Conference Bridge," ham radio, April, 
1987, page 24. 

ham radio 


June 1987 S3 85 




DX 

FORECASTER 


sporadic-E season 

During the summer months the sun 
— directly overhead at 23 degrees 
north — produces more ions in the 
lower ionosphere than it does in 
winter. These abundant ions are 
formed into cloud-like patches known 
as sporadic-E. The patches, which 
form in a thin but dense layer about 60 
miles above the earth, give rise to 
strong mirror-like signal reflections 
over short-skip distances of 600 to 
1200 miles. 

Because E s is related to the summer 
sun, the best locations for working 
these E s openings are in the Northern 
Hemisphere from June through Sep¬ 
tember and in the Southern Hemis¬ 
phere during their summer, December 
through March. In each hemisphere, 
the best E s is found on either side of 
the geomagnetic equator; it's especially 
good where the geomagnetic equator 
is furthest from the geographic equa¬ 
tor. These special areas are Southeast 
Asia and the Mediterranean in the 
Northern Hemisphere and South Amer¬ 
ica in the Southern Hemisiphere, with 
the former the better, as shown in fig. 
1. The contours in the figure represent 
the percentage of the time sporadic-E 
is available along that line. A "10-line" 
indicates that sporadic-E is available 10 
percent of the month, or three days 
out of 30 — or, equivalently, 6 minutes 
out of each hour. This is a purely 
statistical measure of the chance of an 
E s patch being available at the location 
of the midpoint of a 2000-km path. E s 
openings can be utilized as high as the 
6-meter band this year. 

last-minute forecast 

During the first two weeks of the 


Garth stonehocKer, K0RYW 


month, daily MUFs should be lower. 
As a result, fewer openings on 10 to 
30 meters can be expected, except for 
a few sporadic-E short-skip paths. 
There's a slim possibility of one occur¬ 
ring on 6 meters. Long-skip conditions 
on these bands will improve somewhat 
in the third week. The lower bands will 
be best for daytime short-skip paths 
during the second week, correspond¬ 
ing to a minimum solar flux in June. 
Nighttime DX conditions should be 
best then as well, and should be fairly 
good during the whole month except 
when atmospheric noise levels are 
high. 

The moon will be full and at perigee 
(its closest approach) on June 11. 


Summer solstice is on the 21 st at 2211 
UTC. The Aquarid meteor shower 
starts about the 18th, peaks about the 
28th, and lasts until about August 7. 
The maximum radio-echo rate will be 
34 per hour. 

band-by-band summary 

Six meters will provide occasional 
openings to South Africa and South 
America around noontime via short- 
skip E s propagation. 

Ten meters will provide long-skip 
conditions in the afternoon during the 
peak times of the 27-day solar cycle. 
Otherwise, look to sporadic-E short- 
skip and multihop openings around 
local noon for DX on this band. (Trans- 
equatorial evening openings usually 
don't occur in the summertime.) 

Twelve and fifteen meters, almost 
always open to some southern part of 
the world, will be the main daytime DX 
bands. Operate on 12 first, then move 
down to 15 later. DX is considered 
5000 to 7000 miles on these bands. 
There may be some long one-hop 
transequatorial propagation early in the 
month. 



fig. 1. World map includes sporadic-E contours. The numbers on each line represent statis¬ 
tically the percentage of time during the month that a sporadic-E patch exists at that location, 
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PRACTICALLY SPEAKING 


build your own 

time-domain 

reflectometer 

Solving transmission line difficul¬ 
ties can be a tedious and difficult 
chore, especially when the load end 
isn't easily accessible. Although a 
number of different methods of deal¬ 
ing with these problems are available, 
I want to discuss time-domain reflec- 
tometry this month; we'll cover some 
of the others in subsequent columns. 
Although commercial time domain 
reflectometers (TDRs) are expensive, 
some of the methods of time-domain 
reflectometry can be used by any 
Amateur who has access to an oscil¬ 
loscope. The results won't be as good 
as those obtained with professional 
TDR equipment, but the methods will 
work. 

TDR fundamentals 

Time-domain reflectometry works 
on the principle that waves on a non- 
matched transmission line reflect. [Any 
variation from the characteristic im¬ 
pedance of the transmission line will 
cause a reflected component to be 
sent back to the source. — Ed.] The 
waveform seen at any given point 
along the line is the algebraic sum of 
the forward and reflected waveforms. 
In TDR measurements, we look at the 
waveform at the input end of the 
transmission line system. 

Figure 1 shows the basic setup for 
a TDR. A pulse generator, or other 
source of 1-MHz square waves, is ap¬ 
plied simultaneously to the vertical in¬ 
put of an oscilloscope and the input 
end of the transmission line. The sim¬ 
plest way of splitting the signal is to 
use an ordinary coaxial "tee" connec¬ 
tor, either a BNC or UHF. 


OSCILLOSCOPE 



fig. 1. Time domain reflectometry {TDR} 
test setup shows effects of various load 
resistances on transmission line display. 


pulse source 

Almost any source of 1-MHz square 
waves can be used for the pulse gener¬ 
ator. If you have a function generator 
with a 1 MHz or higher Output pulse 
rate, you can use it; be careful, 
however, if the output impedance is 
600 ohms. In such a case, you might 
want to wind a 600-to-50 ohm trans¬ 


former or add a simple resistor pad. Al¬ 
ternatively, you can build your own 
pulse source. 

building an oscillator 

Many different forms of TTL oscil¬ 
lator can serve as a pulse source. 
Figure 2A is a circuit for a pulse gener¬ 
ator that uses the Motorola MC-4024P 
device. This dual, TTL-compatible, 
voltage controlled oscillator is enclosed 
in a shielded box. The operating fre¬ 
quency is determined from f-300/C, 
where f is the frequency in MHz and 
C is capacitance in pF. The actual 
operating frequency isn't terribly criti¬ 
cal, as long as it's somewhere near 1 
MHz. For very short transmission lines, 
the operating frequency may have to 
be increased. Experiment with it. 

The output waveform is a square 
wave with a period of about 1.1 /tS, 
with Cl =330 pF. The half-cycle used 
in the experiment (see fig. 2B) has a 
duration of 550 nanoseconds (0.55 
(xS). If you want to clean up the rise 
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fig. 2A. TTL. oscillator used as pulse generator source: circuit diagram. 
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fig* 2B. TTL oscillator used as pulse gener¬ 
ator source: output waveform. 



and fall times of the output waveform, 
pass the output through either an in¬ 
verter made from an "H" series TTL 
or a Schmitt trigger (7414). The inset 
to fig. 2A shows an inverter made by 
strapping the inputs of a74H00 NAND 
gate. 

Figure 2B was photographed from 
my oscilloscope with the coaxial cable 
disconnected , In the following photos, 
we'll see what this pulse looks like 
when a reflected pulse hits it after 
returning from its round trip on the 
transmission line. 


Another alternate pulse generator 
is a 1- or 2-MHz crystal oscillator. 
These oscillators can also serve as 
marker generators for other purposes. 1 
Another possibility would be a 20-MHz 
TTL crystal oscillator with cascaded 
TTL frequency dividers providing 
10-MHz, 5-MHz, 2-MHz, 1-MHz, 
500-kHz, 100-kHz, 50-kHz, and 10-kHz 
outputs. There's no reason the marker 
generator can't be used as the pulse 
source in TDR measurements. 

test setup 

The test setup shown in fig. 1 was 
built to accomplish these measure¬ 
ments. The load box {see fig. 3) at the 
"antenna" end of the transmission line 
is a multi-impedance dummy load. The 
choices are ten discrete impedances, 
a short circuit, or an external load. 
When the external dummy load is dis¬ 
connected, the load box sees an open 
transmission line in that switch posi¬ 
tion. (Why have a load box? It isn't 
part of the TDR, but it helped in 
calibrating the system and in generat¬ 
ing the pictures that follow.) The im¬ 
pedance values shown were selected 
to represent a wide range of actual im¬ 
pedances typically encountered in 
Amateur antennas. 

measurements 

Figure 4 shows two conditions that 
often occur on transmission lines: 
open circuits and short circuits. It rare¬ 
ly matters which one happens; both 
need to be corrected at the antenna 
end. The VSWR reading won't tell you 
which one has occurred, because in 
either case the entire incident wave is 
reflected. The only difference is the 
location of the nodes and anti-nodes, 
which are out of phtise with each oth¬ 
er. if the exact electrical length of the 
line is known, we can determine 
whether the line is open or shorted. 
Otherwise, we'll need to make a TDR 
measurement. 

Figure 4A shows the waveform 
when the load end of the line is short 
circuited (in other words, when Zy is 
zero). In the opposite case, an open- 
circuited line (with infinite impedance) 
appears as shown in fig. 4B. 



fig. 4A. Waveform seen on the oscilloscope 
under extreme load conditions: short 
circuit. 



fig. 4B. Waveform seen on the oscilloscope 
under extreme load conditions: open circuit. 


As you might suspect, impedances 
between zero and infinity are repre¬ 
sented by various combinations (see 
fig. 5 of the two waveforms shown in 
fig. 4. Figure 5A shows the suppos¬ 
edly matched 50 ohm case. If the sys¬ 
tem were perfect, the top edge of the 
pulse would be totally flat. But the 
actual resistor used in the load box was 
51 ohms (with 5 percent tolerance). In 
addition, there's bound to be some 
reactance in the load, and perhaps 
some anomalies in the coax itself. 
When I performed this little experiment 
before, using a non-inductive 200-ohm 
potentiometer as the load, I was able 
to all but totally adjust out the lack of 
flatness. As you'll see in a moment, 
the waveform in fig. 5A represents a 
real load impedance greater than 50 
ohms. 

The waveform, shown in fig. 5B 
is for a 22-ohm load. This impedance 
is common on vertical antennas. {The 
nominal impedance for quarter-wave- 
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fig. 5A. Waveform seen on oscilloscope 
under typical load conditions: 50 ohms. 



fig. 5B. Waveform seen on oscilloscope 
under typical load conditions: 22 ohms. 



fig. 5C. Waveform seen on oscilloscope 
under typical load conditions: 75 ohms. 



fig. 5D. Waveform seen on oscilloscope 
under typical load conditions: 150 ohms. 
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length vertical is 37 ohms, but im¬ 
pedances will lower for shorter 
verticals.) 

With load impedances greater than 
50 ohms, the waveform takes on a 
different shape. Instead of the reflect¬ 
ed impedance causing a little rise in the 
flat-top edge, it causes a droop. By 
comparing figs. 5C and 5D you can 
see that the amount of droop is relat¬ 
ed to how far above the surge impe¬ 
dance the load is. 

The ideas presented here work, but 
I'm sure they can be improved upon. 
If you have any ideas, let me know. 
(Please note new address: P.O. Box 
1099, Falls Church, Virginia 22041; cur¬ 
rent Caflbook address is incorrect). 

repairs in a jungle QTH 

A missionary friend of mine, home 
on leave from some jungle QTH, asked 
about tools, parts, and test equipment 
to take with him when he returns. His 
purpose: to keep his two SSB rigs 
operating. (One is a Kenwood TS-130 
for Amateur operation, and the other's 
a six-channel, crystal-controlled port¬ 
able HF SSB rig from Stoner Commu¬ 
nications. The Stoner has been the 
mainstay of backpacking missionaries, 
but the new Yaesu portable is making 
inroads in that market). Although I 
have plenty of experience, including 
years of communications repair shop 
time and more than a few Beer Days 
. . . errr, I mean Field Days ... I'm 
soliciting your help in this matter. 

Why? Well, once upon a time a cou¬ 
ple planning to spend a year on a des¬ 
ert island asked a physician — who 
had never been in such a situation — 
what medicines they should take with 
them. While they used few of the 
recommended medicines (except for 
aspirin), they regretted not having tak¬ 
en along a topical antibiotic for skin in¬ 
fections. If you've had any experience 
with repairing radio communications 
gear in remote areas, I would especial¬ 
ly appreciate hearing from you. 

references 

1. R. Richardson, W4UCH, ’’Low cost Spectrum Ana¬ 
lyser with Kilobuck Features.“ ham radio, September, 
1986. page 82. 

ham radio 
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VHF/UHF WOFILD 


microwave portable 
operation 

Spring and summer are the seasons 
of the year for VHF/UHF microwavers 
to dust off their rigs, fix all the gear 
that's been waiting for their atten¬ 
tion, and get set to do some serious 
operating. 

Portable operation offers some 
unique opportunities, especially if the 
home QTH isn't an ideal VHF location. 
Other reasons are often centered on 
the thrill of putting out rare VUCC grid 
squares, setting new DX records, or 
just the desire to commune with nature 
while enjoying our favorite activity. It 
presents some special problems how¬ 
ever, not only for newcomers, but for 
old-timers as well. Often special equip¬ 
ment and antennas are required and 
things can go wrong — even things 
that might have been easily anticipated. 

selecting your location 

One of the first considerations in 
going portable is the choice of loca¬ 
tion, For starters, it probably would be 
advisable to select a location that's 
reasonably close to home. This will 
incur minimum expense, and if some¬ 
thing goes wrong, you can either go 
home and bring back reinforcements 
or just GRT. After a few local opera¬ 
tions, go for the long haul! 

Successful portable or contest oper¬ 
ation demands careful preparation. 
First, you'll have to determine whether 
the chosen location is accessible by 
conventional vehicles. Can you get 
there by four-wheel drive, or will you 
have to hike the last part of the trip? 
If you have to hike, what about lugging 
all the gear to the site? Is power avail¬ 
able, or do you have to bring your 
own? (More on this shortly.) 

Is the chosen location sufficiently 
clear so that you won't have problems 
erecting an antenna high enough to 
get above local obstructions — such 
as tall trees? It's always best to secure 


a topographic or geological survey 
map in advance. Usually available in 
local book stores, libraries, or sporting 
goods shops that carry camping or 
backpacking gear, such maps typical¬ 
ly cover only a 7-1/2 minute section, 
1 /8 of a degree, or about a 6- by 9-mile 
area at midlatitudes. Therefore, more 
than one map may be necessary. 

Accurate, detailed maps are invalu¬ 
able, especially if you intend to oper¬ 
ate near a state, county, or grid square 
border. You must always know, with 
a reasonable degree of certainty, that 
you realty are where you think you areI 
Bring a camera; photos are good evi¬ 
dence, and you and your friends can 
enjoy the pictures for years to come 
(see fig. 1). They can also help when 
briefing others who may be interested 
in operating from the same location 
later on. 

If possible, contact a local resident 
(preferably an Amateur) who's familiar 
with the area in question, or visit the 
proposed location before your operat¬ 


ing excursion. Bring a small rig to try 
out the location. Check out possible 
operating positions, available facilities, 
and power sources. Don't underes¬ 
timate travel and setup time! A prep¬ 
aratory visit will also give you a feel for 
the travel time from your home QTH 
so you can be on site and ready to 
operate at the scheduled time. 

Even if you've visited the proposed 
location beforehand, bring a magnetic 
compass. Find the local magnetic off¬ 
set for the proposed location before 
you leave home. In the New England 
area, the magnetic offset is over 15 
degrees! If you have a distance and 
bearing program, this can be deter¬ 
mined before you go. 1 Enter the ap¬ 
proximate location for the magnetic 
north pole at 76 degrees north latitude 
and 101 degrees west longitude into 
your program. 

An elementary knowledge of astron¬ 
omy is also helpful for locating the 
North Star, but obviously this will be 
impossible in the daytime or if the 



fig. 1. Antenna installation used by W1JR/CY1 operating from FN76 in the June. 1983 QSO 
party. The brick building was our shelter, Andy (VIcLellan. VE1ASJ/VE1SPI is at left; Joe 
Reisert, W1JR is at the right. 
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Table 1, This table shows some of the more well-known mountain-top locations popularized by VHF/UHF/microwave 
and millimeter-wavers to set DX and contest records. 

Name 

Eastern USA 

Location (approx.) 

Elevation (feet) 

Grid Square 

Cadillac Mountain 

Bar Harbor, Maine 

1,530 

FN54 

Mount Washington 

Glen, New Hampshire 

6,288 

FN44 

Pack Monadnock 

Peterborough, New Hampshire 

2,280 

FN42 

Mount Equinox 

Manchester, Vermont 

3,816 

FN33 

Mount Mansfield 

Burlington, Vermont 

4,393 

FN34 

Mount Greylock 

North Adams, Massachusetts 

3,491 

FN32 

High Point 

Port Jervis, New York 

1,803 

FN21 

Watchusett Mountain 

Princeton, Massachusetts 

2,006 

FN42 

Mount Mitchell 

Asheville, North Carolina 

6,684 

EM85 

Mount Toxaway 

Oakland, North Carolina 

4,777 

EM85 

Spruce Knob 

Western USA 

Simoda, West Virginia 

4,860 

FM08 

Pikes Peak 

Colorado Springs, Colorado 

14,110 

DM78 

Mount Rose 

Reno, Nevada 

10,778 

DM09 

Mount Diablo 

Walnut Creek, California 

3,849 

CM97 

Mount Hamilton 

San Jose, California 

4,209 

CM97 

Mount Pinos 

Frazier Park, California 

8,831 

DM04 

Mount Palomar 

Julian, California 

6,126 

DM13 

Mount Ashland 

Ashland, Oregon 

7,530 

CN70 


weather is inclement, so back to the 
compass! The local transit time of the 
sun can also be determined for a true 
south marker. Check maps ahead of 
time to see what azimuth directions 
will be used most. At the same time, 
check the approximate bearings of 
other local landmarks which can be 
used for additional sightings. 

Probably the most famous VHF/- 
UHF and microwave locations are the 
high hills and mountains where prior 
contesting has taken place or from 
which DX records have been set. 
Some of these are shown in table 1. 
Reference 2 discusses some of these 
locations and includes pointers on how 
to get to them and what to expect, as 
well as any particular local considera¬ 
tions. Regardless of the above, do 
your homework in advance, since it's 
often difficult to secure on-the-spot 
operating permission. 

On-site rf emitters can be a problem. 
But they, too, can be checked on a 
preparatory visit. Elevated locations 
frequently have broadcast, VHF/UHF 
TV transmitters, repeaters, or other 
sources of local noise. Will this rf be 
a problem with spurious beats or 
noise? If so, choose another location 
or bring adequate external preselector 
filters with you just in case! 

Portable contest operation involves 


several other considerations. Are you 
sure that when you arrive at the loca¬ 
tion, somebody else won't already be 
there? Always have a plan for a back¬ 
up location! Are sleeping accommoda¬ 
tions available, or must you provide 
your own? Is camping permitted? Do 
you need written or verbal permission 
to operate a transmitter or a genera¬ 
tor at the location? 

Can you operate at the chosen loca¬ 
tion overnight? Though overnight use 
of facilities is frequently not allowed at 
national or state parks, it can some¬ 
times be negotiated before you go; try 
to get written verification before you 
go. Whatever you do, don't leave the 
local natives restless. And definitely — 
as the Boy Scouts say — always leave 
the area in the same shape or better 
than it was when you arrived. Remem¬ 
ber, either you or some other Amateur 
may want to return. 

establishing records 

Record setting is surely one of the 
big reasons serious VHF/UHF and 
microwavers seek out portable loca¬ 
tions. It's well known that the elevated 
locations will often add the extra low- 
angle takeoff so critical for record set¬ 
ting — not to mention the extended 
line-of-sight propagation on the upper 
microwave and millimeter-wave bands. 


Coastal locations are acceptable, espe¬ 
cially if over-water paths are contem¬ 
plated. 

Some operational pitfalls deserve dis¬ 
cussion. It's usually advisable to con¬ 
duct some sort of rf liason, typically on 
2 meters or 70 cm. Often, however, 
I've heard of disasters^ — especially if 
the path is long (over 20 miles or line- 
of-sight). For instance, if 2-meter fm 
is used for liason, will its signal be 
strong enough over the path? 

Believe it or not, some operations 
have been unable to establish two-way 
2-meter communications between high 
locations with a 10-watt fm rig oper¬ 
ating into a quarter-wave car-mounted 
vertical antenna. In this case, even a 
small (three to four element) Yagi 
would have been sufficient to com¬ 
plete the path. 

A Yagi antenna on a liason frequen¬ 
cy has a second advantage. If it has 
high enough gain, it can be used as a 
crude direction finder so you'll at least 
know in what general direction other 
higher frequency antennas should be 
aimed! Typically, a ten-element or 
longer Yagi will have less than a 
40-degree beamwidth — not as narrow 
as the typical record setting antenna, 
but definitely a confidence builder, 
especially if a visible sighting isn't 
possible. 
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fig. 2. Recommended power distribution and monitoring circuit. Ml is a 0-25 volt dc 
meter. M2 is a dc ammeter, typically 10-20 amperes. FI is the fuse, which is set by 
the current limit of the supply and/or ammeter. J1 through J6 are output terminals, 
as discussed in text. 


choice of frequency and 
gear 

Before you get too far along in your 
portable operation plans, the frequen¬ 
cy and gear must be carefully select¬ 
ed. If single-band operation is chosen, 
the problems are considerably simpli¬ 
fied. Do you have your own gear, or 
will you have to borrow some or all for 
the operation? Are you interested in 
just the more populated bands such as 
6 and 2 meters, 70 cm (432 MHz! and 
23 cm (1296 MHz)? Or do you want to 
go higher, or on one of the lower, less 
populated bands such as 135 cm (220 
MHz) or 33 cm (903 MHz)? The more 
populated bands may yield more QSOs, 
but the less populated bands can often 
offer more satisfaction. 

There's plenty of self-contained 
commercial gear available such as the 
"multimode" rigs that offer easy oper¬ 
ation in a single compact package. 
Units manufactured by ICOM, Ken¬ 
wood, and Yaesu — the most popu¬ 
lar manufacturers — offer VHF/UHF 
coverage from 50 to 1300 MHz on CW, 
SSB, and fm. Some of these manufac¬ 
turers even offer dual or multiband 
operation in the same package. Most 
of these rigs will operate on either 115 
VAC or 12 to 13 volts dc. 

Some operators prefer up/down 
converters or transverters, which can 
often be optimized for the ultimate in 
sensitivity, selectivity, and/or high 
dynamic range. References 3 through 
10 provide typical circuitry for "rolling 
your own." 

Many commercial manufacturers 
offer this type of gear from 50 MHz to 


10.368 GHz! Popular suppliers are 
ARR, Microwave Modules, Mutek, 
and SSB Electronics, Remember that 
if an up/down converter is used, an 
extra hf transceiver or appropriate i-f 
will also be required. 

power sources 

It almost goes without saying that 
if commercial power is available at the 
proposed portable location, you're in 
luck. If not, there are several alterna¬ 
tives. Most low-power (less than about 
100 watts! VHF/UHF gear will also 
operate on 12 to 13 volts dc. For short 
periods of time (i.e,, a few hours), 
especially at lower power levels (100 
watts maximum), the power can be 
taken from the battery in your auto¬ 
mobile. 

However, if this is done, extreme 
care must be taken. It's best to install 
a separate large diameter (No. 10 AWG 
minimum! wire connected directly to 
the battery terminals and kept to the 
minimum possible length to prevent 
large voltage drops. I'd also recom¬ 
mend that a circuit breaker or fuse be 
installed in this line as close as possible 
to the positive terminal of the battery. 

Furthermore, I'd recommend that a 
power distribution and monitor box be 
fabricated. A schematic of a recom¬ 
mended type is shown in fig. 2. Note 
that it also has a fuse for double pro¬ 
tection. The voltmeter is used to mon¬ 
itor the voltage regulation and warn of 
possible loss of battery charge. The 
ammeter monitors the current drawn 
by the gear in use. This will also aid 
in any troubleshooting exercise. 


KENNEDY ASSOCIATES 
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Electronic Repair Center 

Servicing 

Amateur Commercial Radio 


The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing "Hams" for 30 years, no rig 
too old or new for us. 



4033 Brownsville Road 



Trevose, Pa. 19047 

215-357-1400 
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OLD RADIOS, 

YOU NEED... 

Antique Radio's 
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Sample - Free. 6-Month Trial * $10, 
1-Year: $18 ($24 by 1st Class). Foreign - Write. 
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Receive 

Freq. 

Range 

N.F. 

Gain 

1 dB 
Comp. 

Device 

Price 

Only 

(MHZ) 

(dB) 

(dB) 

(dBm) 

Type 

P28VD 

28*30 

<1.1 

15 

0 

DGFET 

$29.95 

P50VD 

50-54 

<1.3 

15 

0 

DGFET 

$29.95 

P50VDG 

50*54 

<0.5 

24 

+ 12 

GaAsFET 

$79.95 

P144VD 

144*148 

<1.5 

15 

0 

DGFET 

$29.95 

P144VDA 

144-148 

<1.0 

15 

0 

DGFET 

$37.95 

P144VDG 

144*148 

<0.5 

24 

+ 12 

GaAsFET 

$79.95 

P220VD 

220*225 

<1,8 

15 

0 

DGFET 

$29.95 

P220VDA 

220-225 

<1.2 

15 

0 

DGFET 

$37.95 

P220VDG 

220*225 

<0,5 

20 

+ 12 

GaAsFET 

$79.95 

P432VD 

420*450 

<1.8 

15 

-20 

Bipolar 

$32.95 

P432VDA 

420-450 

<1.1 

17 

-20 

Bipolar 

$49.95 

P432VDG 

420*450 

<0.5 

16 

+12 

GaAsFET 

$79.95 

Inline (rf switched) 

SP28VD 28*30 

<1.2 

15 

0 

DGFET 

$59.95 

SP50VD 

50-54 

<1,4 

15 

0 

DGFET 

$59.95 

SP50VDG 

50*54 

<0,55 

24 

+ 12 

GaAsFET 

$109.95 

SP144VD 

144*148 

<1.6 

15 

0 

DGFET 

$59.95 

SP144VDA 

144-148 

<1.1 

15 

0 

DGFET 

$67.95 

SP144VDG 

144*148 

<0.55 

24 

+ 12 

GaAsFET 

$109.95 

SP220VD 

220*225 

<1.9 

15 

0 

DGFET 

$59,95 

SP220VDA 

220*225 

<1.3 

15 

0 

DGFET 

$67.95 

SP220VDG 

220*225 

<0.55 

20 

+ 12 

GaAsFET 

$109.95 

SP432VD 

420-450 

<1.9 

15 

-20 

Bipolar 

$82.95 

SP432VDA 

420-450 

<1.2 

17 

-20 

Bipolar 

$79.95 

SP432VDG 

420-450 

<0.55 

16 

+ 12 

GaAsFET 

$109.95 
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to keep RF out of your 
TV, stereo, 
telephone, 
etc. 
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It's always wise to keep your auto¬ 
mobile's gas tank as close to filled as 
possible. Be careful that you don't 
run the battery down too low, or you 
won't be able to start the car when 
your operation is completed! Start the 
car occasionally to let the battery 
recharge a little or bring along an extra 
charged battery just in case a backup 
is required. 

Finally, the outputs of the power 
distribution box will give a flexible 
option for connecting and disconnect¬ 
ing units. I use the GR (General Radio) 
type of dual plugs on all equipment. 
GR plugs are specially marked for po¬ 
larity, can carry heavy current with a 
minimum of voltage drop, and are very 
versatile and easy to install. They're 
also compatible with most dc power 
supplies. 

If you're using a small antenna rota¬ 
tor, it may be wise to have a low- 
power 115-VAC source. I'm told that 
Radio Shack has a small 12-volt dc to 
115-VAC power inverter that's just fine 
for this application. However, I'd be 
wary of using this type of inverter on 
a regular transceiver because the vol¬ 
tage waveform may not be sinusoidal 
and could cause voltages to be higher 
or lower than expected. 

If all else fails, or if higher power is 
desired, a gasoline-powered generator 
may be advisable. These can be rent¬ 
ed, but they're also quite affordable 
nowadays and may represent a prudent 
investment if you plan many portable 
operations. (Such a purchase can be 
simplified by first convincing your 
spouse of its unquestionable value as 
a source of electricity during power 
failures!) 

AC generators are sold in many 
types and power ratings. Always 
choose one that has at least a 25- 
to 50-percent power reserve. Genera¬ 
tors can be temperamental, so a few 
pointers are in order. Using a genera¬ 
tor near its normal maximum load can 
cause instabilities and other erratic 
operation. Always test yours out be¬ 
fore your trip to verify its reliability. 
Bring plenty of extra gasoline, spare 
spark plugs, and extra oil (if oil is 
required). 
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fig. 3. Construction details for the simple four-element, 6-meter Yagi described and 
recommended in the text. Element diameters are 1/2 to 3/4 inches. (See text and refer¬ 
ence 13.) 


portable antennas 

Next to the selection of your loca¬ 
tion, the most important key to suc¬ 
cess is your antenna. While you're not 
likely to be running high power, every 
bit of antenna gain will be important 
to attract attention. You'll probably 
hear all the more powerful home sta¬ 
tions. But will they be able to hear 
you? 

There are many factors to consider 
in choosing a portable antenna. Unless 
you're going to operate on just one 
band, a moderate-sized Yagi would 
almost certainly be your best choice. 
Although a large antenna would obvi¬ 
ously be hard to aim and keep aloft, 
especially if you're operating alone, 
your antenna should be as long as con¬ 
veniently manageable, since the appar¬ 
ent path attenuation increases with 
frequency unless the physical aperture 
of the antenna is the same. 11 

I've seen poor results on 70 cm 
when a portable station took down a 
20-foot boom, 2-meter Yagi and re¬ 
placed it with a 10-foot boom, 70-cm 
antenna. Try using the same boom- 
length antennas on each band. Your 
performance on the higher bands will 
be either the same or improved. 

Some operators prefer to change 
antennas each time they change bands; 
if you do this, you can use a larger 
antenna on each band. Others may 
operate two or three bands, but prefer 


to mount all antennas on a single mast. 
In this case, the size of the individual 
antennas will probably have to be 
smaller. The choice is really one of 
convenience versus performance. 

Another antenna constraint is trans¬ 
portation. If you have roof racks, you 
may be able to support a fully assem¬ 
bled 12- to 15-foot boom Yagi. If the 
antennas are transported inside a car 
or in a car trunk, they may have to be 
limited in size or broken down into 
shorter lengths not exceeding 5 to 8 
feet. In the latter case, it may be pos¬ 
sible to design the boom so that it can 
be conveniently broken down into 
shorter sections. 

Try using Yagis that are easily as¬ 
sembled and preferably symmetrical. 
Most, but not all, Yagi designs use 
either similar length or a downward 
director taper. These designs are 
preferred for portable operation since 
there's less likelihood of positioning 
the directors on the boom incorrectly. 
Mounting and assembly are also sim¬ 
plified. 

If beams are broken down for trans¬ 
porting, place electrical tape or its 
equivalent on the elements or boom 
before transporting to mark the proper 
location of elements for reassembly. 
Steve Murray, K1KEC, taught me an¬ 
other trick: when transporting anten¬ 
nas, always tape down any loose nuts 
so they won't shake off and get lost. 



The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Callbook lists the calls, 
names, and address information for licensed 
amateurs In all countries from Canada to 
Panama including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S. possessions. 

The International Callbook lists the 
amateurs in countries outside North 
America. Coverage includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement Isa new idea 
In Callbook updates; It lists the activity In 
both the North American and international 
Callbooks. Published June 1, 1987, this 
Supplement will Include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months.* 

Publication date for the 1987 Callbooks Is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 

Incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.00 

□ international Callbook 

Incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

Incl. shipping within USA $13.00 

Incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

Incl. shipping within USA $53.00 

Incl. shipping to foreign countries 58.00 
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fig, 4. Portable operation by W1 JR/1 in FN54 in ihe June, 1983 ARRL QSO party. Operation 
is from the car's tailgate. Motice the tripod as detailed in fig. 5. The antenna on the bottom 
is the eight-element, 2-meter Yagi described in reference 13. The antenna on the top is the 
four element. 6 meter Yagi shown in fig. 3. 


Finally, just in case you do lose some 
hardware during transportation, bring 
along a few spare nuts, bolts, and 
screws in your tool box. You'll never 
regret it. 

For 6-meter operation I prefer a 
12-foot boom Yagi. This is a con¬ 
venient length for a four-element de¬ 
sign. I also prefer a 1-3/4 to 2-inch 
diameter boom so that the elements 
won't spin. A single piece of tubing 
can be used, but you may prefer to use 
a two-piece boom with a center join¬ 
ing section.'WD4BUM* can provide a 
suitable boom with 6-foot sections. 

My 6-meter antenna follows a sym¬ 
metrical design with equal element 
spacing and is based on an unpub¬ 
lished 0.6-wavelength NBS design. 12 It 
offers gain of just under 10 dBi, and 
— along with other VHFers in the 
W1/VE1 area — I've used it exten¬ 
sively to put out rare grid squares. It's 
also been used to work not only the 
USA and Canada, but Europe, the 
Caribbean and South America, all with 
low power! 

The mechanical details for this de¬ 
sign are illustrated in fig. 3. The 
finished product is shown in fig. 4. My 
antenna was built from an old CB 


antenna, but parts from an old 6- or 
10-meter beam are sufficient. The 
construction techniques are similar 
to those described in last month's 
column. 13 The elements can be any 
diameter between 1 /2 and 3/4 inches 
or tapered (as discussed in reference 
13). A gamma match is used because 
it's small and easy to fabricate. You 
may have to adjust the length of the 
driven element, the length of the coax¬ 
ial capacitor, or the shorting bar slight¬ 
ly for optimum VSWR. 

Many small 6-meter or "hilltopper" 
Yagis are available commercially. For 
2 meters, there are also many choices: 
if you're a homebrew artist like myself, 
the eight-element Yagi design describ¬ 
ed in last month's column is highly 
recommended. 13 It has a great pattern, 
about 13.5 dBi of gain, and fits on a 
12-foot boom. What could be simpler? 

Many NBS Yagi designs are also de¬ 
scribed in reference 12. The 0.8-, 1.2-, 
and 2.2-wavelength designs are partic¬ 
ularly recommended for 2 meters be¬ 
cause they offer manageable lengths 
and reasonably good gain and radia¬ 
tion patterns. Likewise, there are 
plenty of commercial 2-meter Yagis 
available in many different boom- 


lengths and prices. Some are even 
specifically designed for mountain¬ 
topping. 

Stan Jaffin, WB3BGU, originally 
became interested in 2-meter antennas 
suitable for mountain-topping. He 
therefore devised Yagi analysis pro¬ 
grams which later resulted in several 
articles on optimized 50- through 
450-MHz Yagi designs. 1,1 His articles 
discuss a number of optimized designs 
in this frequency range. 

Stan offers a few suggestions for 
2-meter portable antennas. Yagis 
measuring 72 inches are suitable for 
carrying in an automobile, but 50-inch 
booms are good if you want to trans¬ 
port your antenna in your trunk, where 
it's out of sight. Stan also prefers 
wooden booms at least 3/4 inch wide, 
since wooden boom antennas don't 
require boom corrections and work 
fine as long as they're not exposed to 
the elements for extended periods of 
time. Stan also feels that the elements 
should be substantial enough lat least 
3/16 inch diameter) so that the ele¬ 
ments don't break or bend during 
transportation or in the wind. 

Designs for 135-crn Yagis are avail¬ 
able in references 12 and 14. The NBS 
4.2-wavelength design is particularly 
recommended if a 19-foot boom is 
used. Several commercial 135-cm Yagi 
designs are alsq on the market. 

Many 70-cm Yagi designs are readily 
available. The NBS Yagi designs allow 
choices of up to 4.2-wavelength 
booms. 12 The DL6WU Yagi designs 
can be used for boomlengths of 2 or 
more than 10 wavelengths. 15 On sev¬ 
eral expeditions I used the 24-foot 
boom Yagi design described in last 
December's column. 16 The K2RIW 
19-element and the new K1FO 22-ele¬ 
ment Yagi designs are excellent for 13- 
to 14-foot boomlengths. 17 Kits of parts 
for the W1 JR, K1 FO, and K2RIW de¬ 
signs are now available from Tom 
Rutland, K3IPW**. Many commercial 
70-cm Yagis are also available. 

• George Shrra. WD4BUM. Route 7. Box 258, Ander¬ 
son, South Carolina 23624, 

** Tom Rutland, K3IPW, 1703 Warren S(rwt, Now 
Cumberland. Pennsylvania 17070 
*** Down East Microwave, W3HQT, Box 1655A, RFD 
1, Burnham, Maine 04922* 
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The loop Yagi, surely one of the 
most popular antennas on 23 and 33 
cm, can be built on a 12-foot boom. 
Gain is high and the size is quite 
manageable. Details on loop Yagi de¬ 
sign can be found in references 9, 10, 
and 18. Loop Yagis are available from 
Down East Microwave.*** Several 
other sources manufacture Yagis for 
both bands. 

Fewer antennas are available for 13 
cm (2304 MHz) and above. The 45 ele¬ 
ment loop Yagi is a good choice. ,S19 
Down East Microwave*** offers this 
loop Yagi. 

Parabolic dishes are also popular on 
13 cm and above. However, if solid 
dishes are used, they may require a 
good mount because windload can be 
severe. Smaller dishes (18 to 24 inches 
in diameter) are often used on 3 cm (10 
GHz) and can often be mounted on a 
good tripod similar to those used by 
surveyors. This also will allow some 
degree of azimuth calibration if a com¬ 
pass rose is available on the tripod 
mounting. Design of parabolic dishes 
and feeds for 13 cm and above are dis¬ 
cussed in references 20 and 21. 

towers and masts 

By now it should be obvious that the 
type and size antenna used in portable 
operation is determined largely by the 
way it's supported. Several methods 
in widespread use include towers, tri¬ 
pods, and masts. Regular towers are 
great, but they're usually bulky and 
require guys and possibly special 
mounting techniques such as attach¬ 
ments to the side of a camper. 

Some Amateurs prefer to use just a 
simple mast mounting. They usually 
attach some sort of pipe fitting near 
the end of a large plank and fit a 10- 
to 15-foot mast into the pipe flange. 
If the plank is large enough and the 
flange is near one end, it can be sup¬ 
ported by driving over the top of the 
end with one wheel of an automobile. 
The support can consist of multiple 
sections of the 5-foot TV type masts 
that are readily available at Radio 
Shack and suppliers of TV antenna 
accessories. 

There's at least one technical 



problem with this mounting method. 
An antenna mounted near an auto¬ 
mobile may suffer pattern distortion. 
The larger the antenna and the closer 
to an automobile, the greater the prob¬ 
lem. As a rule of thumb, antennas 
should be spaced at least 25 to 50 
percent of their boomlength away 
from any local objects. This is partic¬ 
ularly important for those who use 
masts or towers attached to a camper. 
Furthermore, antennas should always 
be mounted at least 1 to 2 wavelengths 
above the ground for tropo work or at 
least 7 to 14 feet high on 2 meters. 

I prefer tripods or small self-suppor¬ 
ting towers for portable operation. 
Several manufacturers now supply 
four-legged free-standing towers. I use 
the one shown in fig. 4 of last month's 
column 13 on my portable EME station. 
These small towers usually have hooks 
at the top to allow guy lines to be 
added if necessary. 

Figure 5 shows construction details 
for a simple tripod that I use for port¬ 
able operation and back yard antenna 
testing. It consists of three 6-foot 
lengths of 2 X 4 lumber joined at the 
top to a triangular aluminum plate 


using small hinges available in hard¬ 
ware stores. A hole large enough to 
pass a mast through is drilled in the 
plate. An inexpensive piece of chain 
link is used to hold the shape and it is 
attached between the legs with hook 
eyes. 

This tripod (figs. 1 and 4) is rela¬ 
tively compact, and the weight of the 
lumber makes it very stable even in a 
mild wind. The antenna mast can be 
sections of the 5-foot TV type just 
described, which can rest on the 
ground. For a more substantial mast 
holding method, I sometimes use a 
plank such as the one described above, 
which can be attached with another 
hinge to one of the tripod legs (see 
figs. 1 and 4). For peace of mind, I 
sometimes attach a rope to the anten¬ 
na in use to hold it in position, but I'm 
sure there are better safety methods. 

Amateurs who go portable devise 
many different ways to hold their an¬ 
tennas. Antenna rotators can be used, 
but will require 115 VAC, as discussed 
earlier. Others attach a lever arm to 
the mast to allow quick steering. What¬ 
ever method you use, do consider 
something that will allow a relatively 
accurate azimuth indication such as a 
compass rose, since this may mean 
the difference between success and 
failure of your operation. 

transmission lines and 
VSWR indicators 

One big advantage of portable oper- 
ation is that transmission lines are 
usually short. Hence, lower cost coax 
such as RG 8/U or RG 213/U may be 
perfectly acceptable. The newer 9913 
coax is especially recommended if you 
want very low loss or expect to work 
on 70 cm and above. 

Because you sometimes don't know 
how long a feedline will be required at 
the site, I prefer to take several short 
cables as well as a few 10- and 25-foot 
feedlines, all fitted with type-N con¬ 
nectors. If the first feedline is too short 
just add another section, joining them 
with a coax barrel adapter. 

Another suggestion: if you keep the 
number of connector types to a mini¬ 
mum, you won't have to bring too 
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fig. 6. Switching regulator capable of operating with a 12-volt input and providing a 
nominal 28-volt output sufficient to drive a typical 28-volt t/r relay. U1 is a Fairchild 
78S40 1C and LI is a 150 high-current inductor. 


many different types of adapters. I 
prefer to use either type-N or BNC 
connectors in portable operation. Fur¬ 
thermore, bring along several short 
coax cables with the correct type of 
connectors so you can easily bypass 
rigs in case of unexpected equipment 
failure. 

One indispensible accessory is a 
VSWR/power meter. Don't leave home 
without it! Not only will it tell you that 
your transmitter is putting out the 
correct power, but it will give you a 
quick indication of VSWR that may tell 
you if the antenna system is function¬ 
ing properly. This is particularly impor¬ 
tant on portable operation because the 
antenna may have been improperly as¬ 
sembled in a hurry to get on the air. 
If only a VSWR meter is used, try 
to have it calibrated before leaving 
home so that you'll at least be able to 
know that the power indicated is in the 
ballpark. 

antenna relays 

Most of the popular multimode tran¬ 
sceivers have built-in t/r relays. 
However, if an external preamplifier or 
power amplifier is used, an additional 
t/r relay may be necessary. Since most 
portable operation requires a 12-volt dc 
relay, you should obtain one well a- 
head of time and check it out, espe¬ 
cially with respect to integration with 
the t/r switching. I may be old-fash¬ 
ioned, but I use a footswitch on all 


operation because I feel it's more reli¬ 
able and allows me other freedoms. I 
have a small box with the switching 
and voltages all wired beforehand. 

If you can't find a 12-VDC t/r relay 
you can use the 28-volt type, which is 
more readily available. But how do you 
use it on 12 volts? The answer is that 
you need an external 24- to 28-volt 
supply that's powered from 12 VDC. 

Figure 6 shows a schematic of such 
a supply which will operate on 12 to 
13 VDC and deliver a nominal 28 VDC. 
It uses one of the newer 1C chips and 
will easily provide enough current to 
drive a single 26-volt t/r relay. This 
circuit works as a "switching regula¬ 
tor." Such a device is really an oscil¬ 
lator that operates very efficiently in 
supplying power to the output filter 
capacitor. Cl, on demand. Normally 
the internal diode between pins 2 and 
1 of the 1C is used to connect to the 
output filter/divider. However, I used 
an external diode to keep chip dis¬ 
sipation to a minimum. One caution: 
switching regulators generates rf 
spikes. Therefore, it's best to place the 
circuit in a shielded box and filter the 
dc input and output lines. 

The circuit shown in fig. 6 is quite 
straightforward. The only special com¬ 
ponents are the 1C chip (a Fairchild 
78S40) and the switching inductor. 
The inductor should be of the very 
high current type made with large 
gauge wire such as the J. W. Miller 


hr 


type 5506 or equivalent. If you can't 
locate these parts, Circuit Cellar offers 
a package deal of the 78S40 and the 
Miller inductor for $15.00.**** 

Recently a new series of switching 
regulator chips with higher output 
current capabilities was introduced by 
Linear Technology Corporation. Sev¬ 
eral choices such as the LT1070CK, 
LT1071CK, and LT1072CK, with speci¬ 
fied output currents of 5, 2.5 and 1.25 
amperes, respectively, are offered. 

I built the circuit in fig. 7 using the 
higher current device, the LT1070CK, 
which costs $12.74 in small quantities 
and the same inductor as used in fig. 
6. I haven't completely put this circuit 
through its paces, but it looks as if it 
will have considerably more output 
current capability than the 78S40 cir¬ 
cuit. Therefore, if high current isn't 
required, you may want to use one of 
the lower-cost chips in this series. 

power amplifiers 

So far I haven't mentioned power 
amplifiers. They aren't always needed 
for portable operation. However, there 
are many choices if solid-state ampli¬ 
fiers are used. Reference 7 describes 
circuitry that will work for solid-state 
power up to the 100-watt level through 
70 cm. Many different solid-state am¬ 
plifiers are available commercially. 

If you really want to go high power, 
tubes are still king. However, you'll 
probably need to use either local power 
or bring along a generator so that the 
filament and high voltages can be gen¬ 
erated conveniently. 

A couple of years back there were 
some AM6154 and AM6155 tube-type 
power amplifiers on the surplus market. 
They can be adapted to operation on 
144, 220, and 432 MHz. 22 This ampli¬ 
fier seems like just the ticket for high- 
power portable operation because it's 
relatively small, fully self-contained, 
and can deliver 300 to 500 watts of rf 
with 10 to 20 watts of drive. 

field repairs 

Because it can be very frustrating 
working in the field, especially if a 

***“ Circuit Cellar, P.O. Box 428, Tolland, Connecticut 
06084. 
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Table 2. Items recommended for a 
trouble-free portable operation. This list 
is by no means complete; you may want 
to expand some categories as you make 
your own list. 

Antennas, transmission lines, and acces¬ 
sories: 
antennas 
tripod/tower 
rotator 

feedlines — short, medium and long 

link antennas 

masts 

rope 

coax cable adapters 

Equipment: 
radios 
link gear 
HT 

t/r relay and power source 
straight key and keyer 
spare fuses 
spare preamplifiers 
power amplifiers 
master control system 
preselector filters 
earphones 

power distribution box (fig. 2) 

Power generation: 

ac generator (plus spare plugs, gasoline, oil) 

dc to ac inverter 

batteries 

extension cords and ac outlet strips 
power supplies (if required) 

Tools and supplies: 
tools (make a long list) 
hookup wire 
hardware 
pipe cleaners 
soldering iron and solder 
electrical tape 
ruler/tape measure 
clip leads 

Test equipment: 
multimeter 
noise generator 
power/VSWR meter 
frequency calibration source 

Miscellaneous: 

compass 

pens, pencils, scratch paper 

folding table 

operating platform 

beverage cooler stocked with water 

manuals on gear being used 

camera and film 

logbooks 

tent/tarpaulin 

folding chairs 

first-aid kit, aspirin, insect repellent 
beverages and snacks 
lamps/flashlight 
maps 
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fig. 8. QSL card used by W1JR for portable operations. 



fig. 7. Circuit for a higher power switching regulator. U1 is a LT1070CK and LI is the 
same as in fig. 6. provide a good heatsink for the 1C, which is a TO-3 package. Keep 
grounds and returns around the 1C as short as possible. 


failure occurs, always bring along extra 
gear, tools, and supplies. A multimeter 
is a must. Many inexpensive hendheld 
types are available. A crystal calibrator 
is also nice for checking if you're on 
frequency. 23 I also carry a simple noise 
generator made with a diode, battery, 
and coax attenuator. It isn't accurate, 
but it can tell you in one quick test 
if your preamplifier or receiver is in¬ 
operative! 

It's also a good idea to bring along 
a soldering iron. On one expedition I 
needed one to repair a broken relay 
coil. Luckily I was able to borrow a 
battery-operated one locally, and it 


saved the day! At the same time I 
needed a light. I had a flashlight, but 
I was alone and didn't have three 
hands. I recommend a lamp that oper¬ 
ates from a car cigarette lighter. It can 
also help by providing light for filling 
out your log. 

If you're working on 115 VAC, don't 
forget to bring extension cords and 
extra power outlet strips. Extra leads 
with alligator clips are great for make¬ 
shift patching. I also recommend that 
you carry a package of ordinary pipe 
cleaners. They're great for removing 
water or other debris that can get into 
coax connectors. 
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amenities 

I really haven't discussed creature 
comforts. If you're going to operate 
from a car, bring along a board or plat¬ 
form on which to mount your rig, key, 
and logbook. If your car has a tailgate 
you can set the gear on it, but don't 
forget to bring a folding chair. Of 
course, campers or vans can be ideal 
for portable operation since they usual¬ 
ly have a built-in table and seat. 

If you're not fortunate enough to 
obtain the use of a local building, bring 
along a tent or tarpaulin to not only 
help in inclement weather, but shield 
you and your gear from the high tem¬ 
peratures of direct sunlight. 

Table 2 lists these and other items 
necessary (or advisable) for a success¬ 
ful portable operation. This list may not 
be complete. Suggestions and infor¬ 
mation on mountain-topping from an¬ 
other perspective is also available in 
reference 24. 

If you decide on portable operation, 
first generate your own list and check 
off each item before you go out into 
the field. Even better yet, set your 
entire station up in your back yard or 
driveway and try it out. When all is 
working to your satisfaction, review 
your checklist and pack everything in 
sight into your car! 

the final courtesy 

Once you've completed operation 
from that special location, go home, 
unpack, and wait for the mailman to 
arrive with all the QSL requests! Yes, 
that's what it's all about. Just think of 
all those VHF/UHFers who struggled 
to work you for a new state, grid, or 
DX record! 

It's really not hard to confirm a 
QSO, but many portable operations 
want to send out special QSLs or 
some great memento. This could take 
many months and cost plenty, espe¬ 
cially if photographic QSL cards are 
desired. Special QSLs are fine, but the 
ham waiting for the card couldn't care 
less. (Don't forget all the phone calls 
and duplicate letters asking whether 
you received the QSLs and why you 
haven't QSLed yet.) 


One quick way to QSL is to just 
mark up one of your own regular 
station cards or fill out one of those 
often offered as an advertising gim¬ 
mick. But why not make up a univer¬ 
sal QSL card instead — especially if 
you contemplate multiple operations 
or multiple QTHs? 

With the help of Steve Gilbert, 
WA1AYS, who has his own printing 
business. I've done just that. It's simple 
and effective, and it does the trick with 
a minimum of work and expense. The 
final result is shown in fig. 8. All you 
have to do is to fill in the QTH and grid 
square along with the usual informa¬ 
tion. Think about it the next time 
you're planning a trip; it certainly sim¬ 
plifies QSLing, 

summary 

Portable operation on the 
VHF/UHF, microwave, and millimeter- 
wave bands is becoming quite a pop¬ 
ular sport. I've tried to provide sugges¬ 
tions on how to improve your success 
rate; obviously, the most successful 
operations are those that were planned, 
tested, and integrated at home instead 
of on location. 
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Important VHF/UHF Events 


June 7 

Predicted peak of the daytime 
Arietids 

meteor shower at 1900 UTC. 

June 10 

Predicted peak of the Zeta Per- 
seids meteor shower at 0400 
UTC . 

June 13 

EME perigee. 

June 13-15 

ARRL June VHF QSO party. 

June 20-21 

SMIRK Party Contest (contact 
KA0NN0). 

June 21 

Peak of sporadic-E propagation 
( ±1 month). 

July 1 

Look for European 6-meter 
opening (± 1 month). 

July 11 

EME perigee. 

July 18 19 

CQ Magazine VHF WPX 
Contest. 

July 20 

Look for 2-meter sporadic-E 

propagation 

(±2 weeks). 
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July 23-26 Centra / States VHF Confer¬ 

ence, Arlington, 

Texas {contact KD5R0). 

July 29 Predicted peak of the Delta 
Aqua rids 

meteor shower at 1500 UTC. 
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test DBMs for diode leakage 


Decreased performance 
indicates damaged diodes 

Commercially manufactured diode double- 
balanced mixers (DBMs) are popular with ex¬ 
perimenters and equipment designers because of their 
low cost, predictable performance, and versatility. 
They're used as mixers, all kinds of modulators, and 
current-controlled attenuators. 

But mixers can suffer from failure that degrades per¬ 
formance without catastrophic destruction. This dam¬ 
age, caused by transient inputs exceeding ratings, may 
go unnoticed unless mixer performance characteris¬ 
tics are specifically tested. 

It's important to be aware of this effect when using 
an old mixer in a new design, or when performance 
seems to decrease. This article provides a method for 
making quick functional checks of mixer performance 
that can prevent a lot of frustrating troubleshooting. 

mixer abuse 

The obvious solution to the problem raised in the 
previous paragraph is to not exceed the manufac¬ 
turer's specifications. However, we're all ex¬ 
perimenters and tinkerers — and we just might install 
a mixer in a new configuration, inadvertently causing 
problems that aren't immediately apparent. We might 
use the same damaged mixer in a number of different 
projects, with disappointing, seemingly inexplicable 
results. And we are known for trying to squeeze max¬ 
imum performance from a component by exceeding 
its ratings. 

Mixers can be used in several different applications. 
A DBM makes a very simple and trouble-free balanced 
modulator for generating a DSB signal. The DBM 
doesn't require external adjustment of balance con¬ 
trols, and since these controls aren't used, it doesn't 
require subsequent readjustment to compensate for 
drift. The DBM balanced modulator is connected as 
shown in fig. 1.1 used this scheme to generate a DSB 
signal using an LM386 1C audio amplifier driving the 
DBM i-f port. This worked perfectly, and its simplici¬ 
ty made it seem ideal. However, carrier suppression 
deteriorated after a period of use, and was cured by 
replacing the DBM. I was confused; a quick ohmmeter 
check on the mixer diodes indicated that they were 
still intact. The DBM had to be soldered into the cir¬ 
cuit to determine that its balance had changed. 



I But how was the DBM damaged? Figure 2 shows 
the schematic of a Mini-Circuits SBL-1 mixer with the 
equivalent circuit for dc representation of the diodes. 
There is direct access to the diodes through the i-f 
port, making them most vulnerable to damage when 
the i-f is used as an input, which often occurs where 
a low frequency rf input is required but only a high 
frequency DBM is available. The LM386 power am¬ 
plifier could easily generate transients that exceeded 
the DBM's 40 mA maximum i-f current rating. These 
glitches only happened when making connections or 
touching the amplifier input leads. Normal microphone 
input resulted in normal modulation. 

testing 

Checking the damaged mixers with an ohmmeter 
didn't seem to reveal much difference between a bad 
and a good mixer. Continuity checks are done to test 
for typical semiconductor failures — opens and shorts. 
The resistance measurements shown in table 1 were 
carefully made to document results. I used a Micron- 
ta 22-204A meter; other meters will provide different 
but similar results. Study of the actual resistance 
measurements reveals that mixer damage tends to 
progressively deteriorate the diode reverse leakage and 
cause imbalance. A good mixer has higher (and equal) 
reverse resistances than a damaged mixer. Continu¬ 
ing to operate with additional mixer damage causes 
the reverse resistance to decrease. When it reaches 
20 or 15 ohms per diode, the DBM will pass virtually 
no signal. 

I knew that I was in big trouble because I had a col¬ 
lection of used DBMs that might or might not have 
been damaged. The familiar balanced modulator 

Cliff Klinert, WB6BIH, 1126 Division Street, 
National City, California 92050 
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Table 1. Mixer test data. 


Resistance Bad Mixer 1 Bad Mixer 2 Good Mixer 


on Pins: 

Forward 

Reverse 0 

Forward 

Reverse Q 

Forward 

Reverse Q 

3-5 

7.0 

35 

8.0 

42 

7,5 

45 

5-4 

7.0 

30 

7.5 

34 

7.5 

45 

4-6 

7.5 

35 

8.0 

45 

7.5 

45 

6-3 

7.5 

35 

8.0 

33 

7.5 

45 


Isolation 
R-L at 

10 MHz 15 dB 20 dB Unmeasurable 

(>>30 dB) 

Loss 

10 mA i-f 10 dB 7 dB 3 dB 

current 

Note: Check ohmmeter current before making resistance measurements. To prevent damage, current into a diode shouldn't exceed 
about 40 mA. 
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m 

fig. 2. Double balanced: (A) mixer schematic, (B) dc 
equivalent circuit. 


seemed like a good basis for a test fixture, so I settled 
on the circuit shown in fig. 3, Constructed on a per¬ 
forated board, this circuit was used to prepare the rf 
measurements listed in table 1. 

Mixer sockets aren't available, so I made one by cut¬ 
ting up some 1C sockets. This approach wasn't en¬ 
tirely successful because the pin sizes don't match. 
Crystal sockets have the same problem, so it may not 
be practical to build a permanent test jig. Applying 10 
to 20 mA of current to a DBM i-f port will reduce rf- 
LO isolation to 3 dB or less. The resistors shown in 
fig. 3 terminate the i-f port with about 50 (specifically, 
47) ohms, and the 9-volt battery supplies about 10 mA 
of i-f current. Press SI to make the table 1 loss meas¬ 
urements. J1 and J2 can be reversed with similar 
results. This mixer output should be terminated with 
a 50-ohm load for precise results, but even a high in¬ 
put impedance oscilloscope is adequate to different!- 
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RF IN 

SIGNAL GENERATOR 
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fig. 3. Mixer test fixture using more than 0 dBm input 
ensures that the mixer diodes have adequate drive 


power. 


ate between good and bad mixers. A receiver with a 
calibrated variable attenuator could perhaps be used 
to measure a good mixer's typical 50-dB isolation ac¬ 
curately. 

summary 

I was amazed to find a semiconductor failure mode 
resulting in gradual damage rather than complete in¬ 
stant destruction. It's necessary to make a careful 
check of mixer diode resistances, or a quick rf test to 
identify this problem. Precise measurements could be 
made, but aren't necessary for functional testing. 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60$ per word both payable 
In advance. No cash discounts or agency com* 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


R-390A RECEIVER: $195 check, $115 reparable. Parts, tubes, 
sections. Info SASE. Mint military-spec pull-out 12AT7, 6AG5: 
$15/dozen. CPRC-26 six meter transceiver (see Ham Radio, 
March 1985) $17.50 apiece, $32.50 pair (add $4.50/unit ship 
ping). Baytronics, Box 591, Sandusky. OH 44870. (419) 627-0460 
evenings. 


DUAL ANTENNA Rotor Controller. For info SASE to: A £t A 
ENGINEERING, 2521 W. La Palma Ave, #K, Anaheim, CA 92801. 
(714 ) 952-2114. 


SELL MFJ-1270 TNC2. New in box. Will UPS for $100.00, Matt 
(512) 675-3323 or Callbook QTH. 


SUPERFAST MORSE CODE Supereasy. Subliminal cassette. 
$10. Amazing mnemonics: Learn Morse Code in 1 hour; Q sig¬ 
nals supereasy; Novice written exam supereasy! $5 each. Money- 
back guarantee. Free catalog. SASE. Bahr, 2549-H2 Temple, 
Palmbay, FL 32905. 


TEST EQUIPMENT: HP8551B/851B Spectrum Analyzer and 
display section, frequency range 10.1 MHz to 12 GHz sensitiv¬ 
ity up to -100 DBM $1,650.00, measurements model 800 FM sig¬ 
nal generator, covers FM bands 25 MHz to 960 MHz $550.00. 
HP606A signal generator 50 kHz thru 65 MHz $375.00, HP803A 
VHF impedance bridge 50 MHz thru 500 MHz, 2 to 2000 Ohms, 
measures directly, plus phase angle $125.00, HP616B microwave 
signal generator 3,8 GHz thru 7.6 GHz $375.00, URM-250 sig¬ 
nal generator 10 kHz thru 50 MHz $245.00, HP414A autovolt¬ 
meter $85.00, URM-32A frequency meter 125 kHz thru 1000 MHz 
$59 50. Lab calibrated, satisfaction guaranteed, Visa, M/C or 
check, add shipping, phone Bill Slep (704) 524-7519 SLEP ELEC¬ 
TRONICS COMPANY, Highway 441, Otto, NC 28763. 


MORSE CODE TUTOR 5-35 wpm. IBMpc compatibles Ran¬ 
dom characters, disk file, variable speaker frequency. $7.00 plus 
$2.00 S&H Jack Coral, N9ERY, 105-60th Street, Downers 
Grove, IL 60516, 


BACK ISSUES of HR Magazine from Vol. 1 No 1 thru 1986, 
except 2 issues. $200 for all, postpaid. Also PopTronics, RE, 
73 back to 1961. $20.00/tull year. Write with your needs. Bill 
Fossman, 632 Wetmore, Everett, WA 98201. 


ANALOG AND RP CONSULTING for the San Francisco Bay 
area. James Long, Ph D N6YB (408) 733-8329. 


CHASSIS, CABINET KITS. SASE. K3IWK, 5120 Harmony 
Grove Road, Dover, PA 17315. 


IBM/APPLE COMPUTER program "Hamlog" 18 modules logs 
auto-sorts 7-band WAS/DXCC. Full feature. Also CP/M. Apple 
$19.95, IBM $24.95. HR-KA1AWH, PB 2015, Peabody, MA 
01960. 


IBM-PC SOFTWARE: CW Keyer, COM sends CW from RS232 
port, any speed, using type ahead buffer, memory or disk 
$29.50. ELEC. EXE solves most common electronic equations, 
$19.50. Bill Feldmann, 6677 Charing St, Simi, Calif. 93063, or 
SASE for details. 


TELEVISION SETS made before 1946, early TV parts, litera¬ 
ture wanted for substantial cash, Especially interested in "mirror 
m the lid” and spinning disc tv's. 
Finder's fee paid for leads. Arnold Chase. 9 Rushleigh Road, 
West Hartford, Conn. 06117. 1203) 521-5280. 


WANTED: EIMAC 8873 tube for Heath SB-230. Please contact 
G2DRT, F.S.G. Rose, 84 Cock Lane, High Wycombe, Bucks 
HP 13 7 EA England. 


ENGINEERS request free catalog of Electronics Software. 
Circuit analysis, filter design, graphics, etc. BV Engineering, 2200 
Business Way, Suite 207, Riverside, CA 92501 (714) 781-0252. 


NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Full Service Ham-SWL-CB 
Scanner store in NJ. Discount Grand Opening Prices. Top per 
forming radio systems for every budget. New 10 meter and 
VHF/UHF rigs. ARRL, Amphenol, Astatic, Astron, Azden, 
B&W, Bilal Belden 9913, Butternut, Clear Channel, KLM, Lar 
sen, MFJ, Mirage. Mil Spec Cables, much more. Open M-F 10 
AM-9PM. Sat 10 AM-7 PM. Buy and sell used gear and have 
qualified repair facility. ABARIS SYSTEMS, 276 Oriental PI, 
Lyndhurst, NJ 07071 (201) 939 0015. 


IBM-PC RTTY/CW. New CompRtty II is the complete 
RTTY/CW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII, BAUDOT, CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskcopy, break-in buffer, select 
calling, text file transfer, customizable full screen logging, 24 
programmable 1000 character messages. Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS-232C TU. $65. Send call letters (including MARS) with order 
David A. Rice, KC2HO, 25 Village View Bluff, Ballston Lake, 
NY 12019. 

CODE PROGRAMS. Apple/C-64. 31 modes, graphics, menus, 
word processor, etc. LARES CO, POB 2018, 1200 Ring Road, 
Calumet City, IL 60409. (312) 891 3279 


SOLAR ELECTRIC PANELS and System Components. 1st 
quality for home or repeaters. Lowest prices in country. 
KA8DSS, RADIANT DISTRIBUTORS, 3900 Dursum, Ada. Ml 
49301. (616) 874-8899. 


HOMEBREW PROJECTS LISTS SASE WB2EUF, Box 708, 
East Hampton, NY 11937. 


AMPLIFIER BREAKTHROUGH. The current amplifier drives 
loads push pull without internal voltage gam. Fastest, quietest 
circuit in transistor electronics. Plans for quieter audio ampli 
fiers, ideal for home builders, all wattages, $15. Amplifiers Un¬ 
limited, Rt 2, Box 139, Highmore, SD 57345. 


NATIONAL HRO-60 parts wanted: coils AA, AB, AC, AD, E, 
F, G, H, J. Power transformer #SA9209. 4H4 tubes. National 
Radio logo emblem (front panel mount). K6VRS, 33815 - 133rd 
Avenue SE, Auburn, Washington 98002 (206) 833-7298 


WA9GFR RF SOFTWARE $15.00 disk contains 
HF/VHF/UHF/L-8AND propagation and Smith Chart imped¬ 
ance matching programs. Specify Commodore-64 or MS-DOS 
BASIC. Lynn Gerig, 6417 Morgan RD, Monroeville, IN 46773. 


REMEMBER TROLLEY CARS? Trolley Treasures: The War¬ 
time Years in New Jersey (1939 1947), a 4 volume phuto- 
documentary history, includes 1600 unpublished, original 
photographs plus extensive historical notes. Volume !, The Com¬ 
promise Roof Cars of Public Service Coordinated Transport, 
ready now. SASE for details. To order, contact Trolley Themes. 
A.W. Mankoff, 2237-3 Woodside Lane, Sacramento. CA 95825 
($14.95 plus $1.50 SftH). 


UHF PARTS* GaAs Fets, MMICs, trimmers, chip caps, teflon 
pcb, and other builder parts. SASE brings list. MICROWAVE 
COMPONENTS, 11216 Cape Cod, Taylor. Ml 48180. 


$$$$$SUPER SAVINGS on electronic parts, components, sup¬ 
plies and computer accessories. Free 40-page catalog for SASE 
Get on our mailing list. BCD ELECTRO, PO Box 830119, Richard¬ 
son, TX 75083 or call (214) 690-1102. 


RTTY JOURNAL —Now in our 35th year Join the circle of 
RTTY friends from all over the world Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15 00. Send to; RTTY JOUR¬ 
NAL, 9085 La Casita Ave., Fountain Valley, CA 92708 


IMRA International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net. 14.280 MHz, 2 3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey. 
1 Pryer Manor Road, Larchmont. New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117, SASE 
brings information 

ELECTRON TUBES: Receiving, transmitting, microwave all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. (213) 
774-1255. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog 
Walter, 2697 Nickel, San Pablo, CA 94806. 

COMING EVENTS 

Activities - “Places to go ...” 

SPECIAL REQUEST TO ALL AMATEUR RAOIO PUBLICITY 
COORDINATORS: Please indicate in your announcements 
whether or not your Hamfest location, classes, exams, meet¬ 
ings, flea markets, etc, are wheelchair accessible. This informa¬ 
tion would be greatly appreciated by our brother/sister hams 
with limited physical ability. 


NEW YORK: June 14. The Hall of Science ARC Hamfest, New 
York Hall of Science parking lot, Flushing Meadow Park, 
47-01-111 Street, Queens 9 AM to 3 PM. Donations —buyers 
$4.00; sellers $6.00 per space. Talk in on 144.300 simplex link 
223.600 repeat and 445.225 repeat. For information call Steve 
Greenbaum, W82KDG (718) 898-5599 on Annie Schiffman, 
WB2YXB (718) 343-0172 evenings. 


COLORADO: June 6 and 7. The Northern Colorado ARC is 
having its 9th annual Superfest, McMillen Building (wheelchair 
accessible) Larimer County Fairgrounds, Loveland. License 
exams, technical seminars, CW contest, Army MARS, exhibits, 
flea market and refreshments. General admission $3.00. Tables 
$7.50 each advance; $9.00 at the door, includes two chairs and 
one admission. For reservations contact Duff McRoberts, NF0U, 
1308 Ellen Place, Loveland, CO 80537. (303) 669-3708. 


MICHIGAN: June 14. The Monroe County Radio Communica¬ 
tions Association Swap and Shop, Monroe . 8 Am to 3 PM. 
Admission $2.50 advance; $3.00 at the gate, Trunk sales $2.00 
per space, tables 50 cents/foot. Tickets or reservations contact: 
Elaine Wessel, KA8RNK, PO Box 237, Monroe, Ml 48161 or call 
(313) 279-1571. 


CALIFORNIA: June 21. Father's Day Swapfest sponsored by 
the Satellite ARC. Union Oil Company Newlove Picnic Grounds 
south of Santa Maria on US 101. Free general admission 9 AM. 
Barheque 1 PM. Price for tickets TBA. Talk in on 145.14 down 
600. For tickets and information write Santa Maria Swapfest, 
PO Box 5117, Vandenberg AFB, CA 93437. 

WISCONSIN: July 18. The South Milwaukee ARC will hold its 
annual Swapfest, American Legion Post 434, 9327 South 
Shepard Avenue, Oak Creek. 7 AM to 3 PM. Parking, picnick¬ 
ing, food, refreshments and free overnight camping available 
on grounds. Admission $3.00 includes "happy time" with free 
beverages- License exams. Packet meeting. For details write 
South Milwaukee ARC, PO Box 102, South Milwaukee, Wl 
53172-0102. 


MARYLAND: June 21. The Frederick ARC will hold its 
lOthannual Hamfest. Frederick Fairgrounds. 8 AM to 4 PM. Ad¬ 
mission $3.00. Tailgaters $2.00 extra. Non-hams and kids free. 
For information: Clyde C. Wachter, WB3KQV, 7317 Ridge Road, 
Frederick, MD 21/01. 


MINNESOTA: June 6 and 7. The North Area Repeater Associ¬ 
ation will sponsor the upper Midwest's largest Swapfest and ex 
position for Amateur R adio operators at the Minnesota State 
Fairgrounds, St. Paul. Admission $4.00 advance; $5.00 at the 
door. Free overnight parking for self-contained campers June 
5 and 6. Giant outdoor flea market. License exams. For infor¬ 
mation: Amateur Fair, PO Box 857, Hopkins, MN 55343 (612) 
566-4000 


INDIANA: June 14 The 41st annual Wabash Valley Amateur 
Radio Association's Hamfest, Vigo County Fairgrounds, Terre 
Haute. Saturday night camping $5.00. Sunday 8:00 AM EST. 
Free outdoor flea market, Covered flea market $3.00. Food and 
refreshments. Advance tickets $2.00 or 3/$5.00. $3.00 at the 
gate. FCC exams by pre-registration only. Children under 12 free. 
Talk in on 147.69/09 and 146.52 simplex. For tickets and infor¬ 
mation SASE to WVARA Hamfest, PO Box 81, Terre Haute, 
IN 47808. 


PENNSYLVANIA: July 5. 8th annual Wilkes Barre Hamfest &■ 
Computerfest sponsored by Murgas ARC, Ica-A-Rarna Coal 
Street Sports Complex, Coal Street. General admission 8 AM. 
Donation $3.00. Outdoor tailgating $2.00. Indoor space $8.00. 
Non hams and kids under 16 free. FCC exams. Talk in 146.61, 
53 61, 146.552. For information K3SAE and KB3GB, Rd 1, Box 
214, Pittston, PA 18643. (717) 388 6863. 


NEW JERSEY: June 20 The Raritan Valley Radio Club's 16th 
annual Hamfest, Columbia Park, Dunellen Gates open 8 AM 
Sellers spots $5.00 for one. $10.00 two or more. No tables sup¬ 
plied Talk in on Club repeater W2QW/R 146.025/ 625 and 
146,52 simplex. For information call Dave, KA2TSM (201) 
763 4849 or Bil, KD2XK (201 467-7342, 8 AM to 5 PM 


PENNSYLVANIA: June 14. Milton AMateur Radio Club $ 13th 
annual Hamfest, Winfield Firemen's grounds, Rt. 15 lewisburg. 
Rain or shine, Admission $3.00. Non-hams and kids free Talk 
in on 146.97, 146 625 and 146.52. Contact Jerry Williamson, 
WA3SXQ, 10 Old Farm Lane, Milton, PA 17847. 


MICHIGAN: June 6. The Independent Repeater Association is 
sponsoring its annual Hamfest, National Guard Armory, 44th 
Street, Grand Rapids. Free tables for dealers and sellers. For 
table reservations Independent Repeater Association, 562- 
92nd Street, SE, Byron Center, Ml 49315 (616) 455-3915 


92 QB June 1987 
















NEW JERSEY: GILFER SWL FEST/FLEA MARKET: Saturday, 
June 13 rain/shine. 9 AM to 3 PM. Shortwave only. Free ad¬ 
mission for all visitors. Sellers: $3.00 {tailgate only, bring own 
table). Reservation deadline: June 1. Location: GILFER SHORT¬ 
WAVE, 52 Park Avenue, Park Ridge, NJ 07656. For further in¬ 
formation please call (201) 391-7887. 


MARYLAND: June 10-13. The Antique Radio Club of America 
will hold its 15th annual National Convention. SHERATON 
HOTEL AND EXHIBITION CENTER, RT. 450, New Carrollton, 
10 miles NE of Washington, DC, The public is cordially invited 
to attend this 4-day event. Membership information can be ob¬ 
tained from ARCA, 81 Steeplechase Road, Devon, PA 19333. 


KENTUCKY: June 7. The Northern Kentucky ARC'S "Ham-O- 
Rama '87'', Erlenger. Kentucky, Lions Park. Open to public 8 
AM. Admission $5.00. Children under 13 free. Flea market spaces 
$3.00 each, no tables provided. Contact WA4WNF c/o NKARC, 
PO Box 281, Florence, KY 41042 (606) 371-2255. 


INDIANA: June 21. The Lake County ARC will hold its 15th an¬ 
nual Dad's Day Hamfest, Lake County Fairgrounds, Crown 
Point. AH tickets $3.00. Gates open 8 AM. Telk in on club repeat¬ 
er 147.60/00 and 146/52. Contact: Ken Brown, WD9HYF, 918 
Chippewa Drive, Crown Point, IN 46307. 


ILLINOIS: June 14. The Six Meter Club of Chicago announces 
its 30th annual Hamfest, Santa Fe Park, 91st and wolf Road, 
Willow Springs, SW of downtown Chicago. Advance tickets 
$3.00. At the gate $4.00. Talk in on K90NA 146.52 or K90NA/R 
37-97. For advance ticket Mike Corbett. K9ENZ, 606 South Fen¬ 
ton Avenue, Romeovifle, IL 60441 or any club member. 


CENTRAL ALBERTA RADIO LEAGUE annual Picnic and 
Hamfest. June 19, 20 and 21. 


PENNSYLVANIA: July 4. The annual Firecracker Hamfest spon¬ 
sored by the Harrisburg RAC, Brassier Fire Company picnic 
grounds, Harrisburg. Admission $3.00 includes tailgating Non¬ 
ham spouse and kids free. VF exams. For information. Dave. 
KC3MG, 131 Livingston Street, Swatara, PA 17113 (717) 
939-4957. 


WASHINGTON: June 6 and 7. Apple City Radio Club's "Come 
Have a Picnic With Us" Hamfest, Rocky Reach Dam, 7 miles 
north of Wenatchee, US 97. Free Camping/Trailer space at the 
Park, Saturday evening banquet, Sunday potluck dinner, Swap 
Shop, VE exams. 


WEST VIRGINIA: July 19. The 9th annual TSRAC Wheeling 
Hamfest/Computer Fair, Wheeling Park. 9 AM to 4 PM. WV's 
largest. Dealers welcome 30,000 square feet under roof; 5 acres 
flea market. Family activities at Park. Admission $3.00 in ad¬ 
vance; $4.00 at door. To reserve space contact: Cert Williams, 
WD8PPS, 9 East High St, Flushing, OH 43977. For tickets: 
TSRAC, Sox 240, RD 1, Adena, OH 43901 (614) 546-3930. 


NEW HAMPSHIRE: June 20. Fly-in to New Hampshire's 2nd 
largest Amateur Radio/electronic flea market, Manchester 
Municipal Airport. Sponsored by the NH FM Association. Rain 
date Sunday, June 21. Starts 9 AM. General admission $1.00. 
Sellers $5.00. Bring table or tailgate. License exams. Talk in on 
146.52 FM. For further information on ftea market contact Steve 
Morin, WB1BXB (603) 663-4019 or Dick Desorsiers, W1KGZ, 
173 MapJehurst Avenue, Mancheester, NH 03103 (6031668-6868. 


PENNSYLVANIA: June 7. The 33rd annual Breeze Shooters 
Hamfest, White Swan Amusement Park, Rt60, near Pittsburgh 
International Airport. Free admission and Flea Market, family 
amusement park, 9 Am to4 PM. For information and table reser¬ 
vations Bud Faulhaber, N3D0S, 1059 Balmoral Drive, Pittsburgh, 
PA 15237 (412 ) 366-5097 


COLORADO: June 20. The Grand Mesa Repeater Society will 
hold its8th annual Western Slope Amateur Radio and Computer 
Swapfest, 9 AM to 4 PM, National Guard Armory, 482-28 Road, 
Grand Junction. Free admission. Swap tables $5.00 each. In¬ 
door swapfest, Amateur Radio exams, auction and refreshments. 
Talk in on 146.22/ .82 and 449.20. For tables or information SASE 
to Les Scott, NV0F, 2105 Yellowstone Rd, Grand Junction, CO 
81503 or call (303) 242-5296. 


1987 "BLOSSOMLAND BLAST" Sunday, September 20, 
1987. Write "BLAST" PO Box 175, St. Joseph, Ml 49085. 

VIRGINIA: June 7, The Ole Virginia Hams present the Annual 
Manassas Hamfest, Prince William County Fairgrounds. 8 AM 
to 4 PM. General admission $4.00. Children under 12 free. Tail- 
gating $5.00/space, Dealers, ARRL booth, CW proficiency 
award. Talk in on 146.37/97, 146.52. For information write: Ole 
Virginia Hams ARC, POB 1255, Manassa, VA 22110. John Gun- 
sett, KI4VP (703) 361-5255 or Gene Roberts, N4HFW (703) 
361 3983. 

MICHIGAN: June 7. The Chelsea Swap and Shop, Chelsea Fair¬ 
grounds, Chelsea. Sellers 5 AM. Buyers 8 AM to 1 PM. Dona¬ 
tion $2.50 advance and $3.00 at the gate. Children under 12 and 
non-ham spouses free. Talk in on Chelsea Repeater 146.980. 
For information: Robert Schantz, 416 Wilkinson St, Chelsea, 
Ml 48118. (313) 475-1795. 

OPERATING EVENTS 

“Things to do .. 

June 19 to 21: The Six Meter International Radio Klub, Inc. 
announces their 12th annual SMIRK PARTY Contest. SASE for 
log requests to Lisa Lowell, KAON NO, PO Box 547, Hugo, CO 
80821. 


June 6 and 7: The Wireless Institute of Northern Ohio 
(W.I .N.O.) will have a special events station to commemorate 
Ohio Wine Month. The station will be operating from a winery 
in Madison, Ohio and will use callsign K080. For a special cer¬ 
tificate send legal SASE to KC80 WINO Weekend, 7126 Andover 
Drive, Mentor, Ohio 44060. 


June 26 —28: The Ottawa ARC will operate W8MCB from 
1700Z to 2300Z to celebrate the 175th anniversary of establish¬ 
ment of the Fort during the War of 1812. For a commemorative 
certificate send QSL and SASE to WD8RJR, Paul Baumgarte, 
RR #3, Box 341, Delphos, Ohio 45833. 


July 11 and 12: Oklahoma Amateur Radio Operators will con 
duct their 4th annual "Fiekf Day” exercises at Lake Canton, OK. 
Activites begin 2 PM Saturday through noon Sunday. For ad¬ 
ditional information contact Tim Mauldin, WA5LTM, Lake 
Canton Field Day, PO Box 19097, Oklahoma City, OK 73144 (405) 
521 5048. 


CHARGE 

YOUR CLASSIFIED ADS 

to your 
MC or VISA 
write or call 

HAM RADIO MAGAZINE 

Greenville, NH 03048 
(603) 878-1441 




MOVING? 

KEEP HAM RADIO COMING .. 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below. 

Then complete your new address (or any 
other corrections) in the space provided 
and we’ll take care of the rest. 

ham . 

radio 

Magazine 

Greenville, NH 03048 

Thanks for helping us to sorve you bettor 


Allow 4-6 weeks for 
correction. 
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THE DIGITAL NOVICE 

by Jim Grubbs, K9EI 


Now that novices have digital privileges, there 
are thousands of new Amateurs anxiously 
awaiting to get on-the-air. Who's going to an¬ 
swer their questions however? Jim Gubb’s 
new book, The Digital Novice is written with 
beginner’s needs in mind. Each of the popular 
digital modes is fully covered with a brief his¬ 
tory and full description of how it works. 
Hardware and software are covered in clear, 
concise terms. The book finishes with a look 
toward the future. Four appendixes cover; 
Morse, Baudot, AMT0P and ASCII Codes and 
has a glossary full of commonly used but mis¬ 
understood terms. Great for beginners and ex¬ 
perts alike. ©1987 1st edition 


□JG-DN Softbound $9.95 

Pre-Pubiteatlon Special Save $1.00 


YAGI ANTENNA DESIGN 

by Dr. James Lawson, W2PV 

Based upon the popular Ham Radio Magazine 
series, this book includes notes, charts, 
graphs as well as other additional information 
not found in the original text. W2PV was 
known world-wide as one of the most know¬ 
ledgeable experts on antenna design and op¬ 
timization. This book is full of his contest 
winning “trade secrets.” Eight chapters cover: 
Performance calculations, Simple Yagi anten¬ 
nas, Yagi antenna performance optimization, 
Loop antennas, The effects of ground, Stack¬ 
ing, Practical design, and Practical Amateur 
Yagi antennas. A wealth of information at a 
modest price—Lawson's book should sell for 
much more—every Ham should get a copy for 
their bookshelf. ©1986 1st edition 
□AR-YD Hardbound $14.95 


RADIO DATABASE INTERNATIONAL 
1987 Edition 


One of the problems SWL’s encounter is hav¬ 
ing an up-to-date and accurate program 
schedule for international broadcasters. While 
no listing can ever be 10(y accurate, this new 
book represents thousands of hours of re¬ 
search and is one of the most accurate SWL 
international broadcasting listings available. 
Stations are listed by frequency and language 
format. Also included is power output and to 
whom the programming is directed and other 
helpful information. Covers 2 to 26 MHz short¬ 
wave bands. A Buyer’s Guide gives you infor¬ 
mation on selected portable and tabletop 
radios A number of tutorial articles have been 
included to help you get the most from your 
radio. ©1986 

□IBS-RDI Softbound $12.95 


Please enclose $3.50 shipping and handling 
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S ELMER’S NOTEBOOK 


Tom McMullen, W1SL 


elmer's notebook 

Welcome to ham radio's new feature: 
Elmer's Notebook. You're going to 
find it informative, interesting, and — 
we hope — useful in many ways. 

who's Elmer? 

Elmer is the person who helped us 
at one time or another, either in our 
efforts to get started or in trying some- 
thing new in Amateur Radio. Although 
he wasn't necessarily an old-timer, he 
had considerably more experience 
than we did. Who was he? 

Maybe you\ Many of you have been 
Elmers without realizing it. Some 
would have been mildly embarrassed 
if caught in the act. But Elmers you 
have been, nevertheless. 

For some, being an Elmer is actual¬ 
ly a hobby within the hobby. Dedicat¬ 
ed Elmers spend large amounts of time 
helping newcomers bone up for exams 
and acquire their first rigs. They're al¬ 
ways available to critique the new fist 
or help calm the first-contact jitters. 

That's what this new column is all 
about — to provide guidance, encour¬ 
agement, and useful material for the 
Elmers among ham radio's readers. Of 
course, if Novice or other licensees 
find Elmer's Notebook helpful or 
thought-provoking, that's great too! 

novice enhancement 

Novice Enhancement has been in 
the works since April, 1986, when the 
FCC adopted a Notice of Proposed 
Rule Making (NPRM) in response to 
several petitions. After several hear¬ 
ings and response periods, it finally be¬ 
came official on March 21, 1987: 
Novices now have expanded privileges 


that provide immense possibilities for 
communication and enjoyment on the 
10-meter band, and new privileges in 
the 220- and 1270-MHz bands. Figure 
1 shows the relationship of these seg¬ 
ments to other parts of the Amateur 
Radio spectrum. The shaded areas in¬ 


dicate the modes Novices are permit¬ 
ted to use on those band segments. 
Power levels are 200 watts PEP on 28.1 
to 28.5 MHz (this same power restric¬ 
tion applies to Technician class licen¬ 
sees on this band), 25 watts PEP on 
222.1 to 223.91, and 5 watts PEP on 
1270 to 1295 MHz. 

These power levels are reasonable. 
They're adequate for plenty of excit¬ 
ing communications, either direct or 
through repeaters, yet still offer incen¬ 
tive to upgrade to a higher license in 
order to expand capabilities. Though 
the 5-watt limit at 1270 MHz may seem 
low at first glance, it's ample for use 
through repeaters and for direct com¬ 
munication via hand-held equipment 
or mobile and fixed stations. There is 


a concern for safety at these higher 
frequencies; until the operator has 
learned enough to understand why 
caution is essential, low power levels 
are prudent indeed. Well talk more 
about this aspect of operation in future 
columns. 


the challenge 

These new privileges and frequen¬ 
cies not only give Novices room for 
growth, but also generate a challenge 
for us Elmers: to help Novices respond 
to the FCCs strong recommendation, 
voiced in its Report and Order, that 
current licensees "become knowledge¬ 
able in the new requirements before 
using the new privileges." It's up to us 
to, advise them about techniques, 
equipment, and procedures required 
for the new modes of communication 
and on the new bands so they'll be 
comfortable when they try them — 
and so they can enjoy these privileges 
without creating problems simply be¬ 
cause they haven't been there before. 

Along with this primary challenge 
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The standard of (he electronics industry 
is setting a new standard for amateur 
radio use as well. 

The Fluke 77 multimeter is ideal for 
testing and repairing any amateur radio 
gear W's inexpensive, easy to use, and filled 
with professional features. Pius a full line 
of accessories let you measure high fre¬ 
quency, high voltage and current, and tem¬ 
perature. Made in the U.SA and backed 
by a 3-year warranty, the new Fluke 77 
is the world's first handheld meter to 
combine analog and digital displays. 

For a free bfochure or the distributor 
nearest ^hj, call toll-free 1-800-227-$KW, 
ext. 229. Or write John Fluke Mfg. Co., 
!nc„ P.O. Box C9090, Everett, WA 98206. 
Distributor programs available. 

FROM THE WORLD LEADER 

IN DIGITAL MULTIMETERS. 


FLUKE 73 FLUKE 75 FLUKE 77 
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comes a second one — to prepare 
prospective Amateurs for the ten new 
questions to be incorporated into the 
revised Element 2 exam. (All Novices 
licensed before March 21 will be 
"grandfathered'" into the new privi¬ 
leges.) If we do our homework and 
work toward meeting the primary goal, 
we'll be better prepared for meeting 
the second. 

There shouldn't be much trouble in 
explaining voice modes (with the pos¬ 
sible exception of answering the ques¬ 
tions about PEP). Novices have been 
waiting to try voice for a long time, and 
have had plenty of time to listen to 
voices on the high-frequency bands, 
just a twist of the dial away from their 
own CW segments. 

Digital modes? Now it gets interest¬ 
ing. Digital communications is a rela¬ 
tive newcomer to the Amateur Radio 
bands. The newest facet of that mode 
is packet radio, with AMTOR a close 
second. RTTY has been with us for 
quite a while, but its image has 
changed dramatically over the years. 

I can still recall the heavy, noisy, 
cranky monster that I assembled back 
in the late 1940s — but that's another 
story. 

As I peruse the exhibitor's booths 
and the flea markets at hamfests, I 
note many small, neat, RTTY demod¬ 
ulators that fit handsomely on the 
operating desk, work with almost any 
common computer setup, and make 
very little noise. They use less power 
than it took to just light the filaments 
in the tubes in my early rig. (Rlaments? 
Oh, they were like heating elements 
down inside the tube, and their func¬ 
tion was to get the adjacent metal hot 
enough to excite the electrons so 
they'd be easier to manipulate. Fila¬ 
ments also made a nice cozy glow in 
a darkened room, made thewatt-hour 
meter spin merrily, and told you im¬ 
mediately that the tube was on.) 
Although today's digital equipment is 
as far ahead of RTTY as the new RTTY 
demodulators are ahead of the mil¬ 
itary surplus that clanked out endless 
RYRYRY messages in the 1950s, RTTY 
is still an attractive means of commu¬ 
nication. 


Obviously, the Novice license is 
taking beginners into much more in¬ 
teresting and complex technology, and 
we should be prepared to provide an¬ 
swers and guidance. The new seg¬ 
ments on 220 and 1270 MHz offer 
many exciting possibilities. Just a few 
of the inevitable questions include 
"What can be done at these frequen¬ 
cies?" "What's their communication 
range?" "Where do I get equipment?" 
"What about antennas?" And — here's 
a good one — "Can I send television 
on 1200 megs?" There are many an¬ 
swers to search for and lots of excit¬ 
ing territory to explore. We're here to 
help. 

Next month, we'll take a closer look 
at the specific privileges indicated in 
fig. 1. In future issues, we'll discuss 
equipment and operating procedures, 
and provide information to help you 
prepare would-be Amateurs for the 
new Element 2 exam questions, 

ham radio 


Welcome Back, 
Tom 

With this first installment of "Elmer's 
Notebook," we welcome Tom Mc¬ 
Mullen, W1SL,* former managing 
editor of Ham Radio Horizons , back 
to ham radio . 

Tom's involvement in radio began 
during his days as a Navy radio oper¬ 
ator on a cruiser in the Pacific dur¬ 
ing World War II. First licensed in 
1947, Tom credits much of his early 
growth in Amateur Radio to his 
Elmer, the late W8GBF. 

Although his initial interest was in 
handling traffic on 80 meters, Tom 
moved on to VHF and microwave 
communications in the early 1970s 
and remains active in those areas 
today. He and his wife Eleanor, 
W1RNT, live in Florida, where Tom 
is employed as publications manager 
for a major electronics firm. — Ed. 
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REFLECTIONS 


13 cm: onwards and upwards 

Some view the spectrum above 1 GHz as a vast, sterile desert devoid of life, difficult to get to, and of 
questionable worth once attained. But, just as in the desert (which, of course, teems with life), what you see 
isn't necessarily what you get. 

To the uninitiated, fear of the unexplored prompts questions such as "What the heck's it good for?, "Who 
can I talk to?", and "How do I get there in the first place?" These aren't bad questions, but they've all been 
asked before — about 5 meters, 2 meters, 70 cm, and most recently, 23 cm. Vet saturation of 2 meters is a 
fait accompli in many areas; 70 cm isn't far behind, and 23 cm is being staked out by many repeater operators 
looking for turf. 

One senses repetition of a familiar pattern. Any "new" band is first occupied by the desert rats who build 
their own transmit and receive converters, antennas, and preamps. A few of them begin selling their special 
boxes to friends; soon, the more entrepreneural types among them begin marketing the product on a limited 
scale. Later, when the commercial possibilities are obvious, the large, established manufacturers jump in. With 
their sizeable R&D and engineering resources, they quickly develop commercially attractive boxes, with legible 
control labels replacing the chicken scratches on bare aluminum typical of the earlier models. 

To potential users of the new band, operation now becomes much more feasible. No new skills need be 
acquired. Often, simply knowing how to use a credit card is sufficient; just unpack the box, hook up the unit, 
and you're there. 

By my reckoning, critical momentum for 2 meters was achieved in 1971 or 1972; for 70 cm, in 1978 or 1979; 
and for 23 cm, in 1984 or 1985. By the same measure, I figure "critical mass" for 13 cm (2.4 GHz) will occur 
sometime about 1989 or 1990. All indicators suggest that a big push into this band is imminent. Entrepreneurs 
now offer 13-cm transverters, loop yagis, and preamps. Moreover, military and commercial applications of S- 
band systems, equipment, modules, and components have fueled development of low-cost microwave devices 
(including integrated circuits) to the point where getting on 13 cm is much less expensive than it was just a 
few years ago. Obviously, since cost is a predominant design driver in the Amateur market, this development 
is of paramount interest to would-be manufacturers of 13-cm Amateur equipment. 

The demands for spectrum and services in the lower Amateur bands (70 cm and below) exert continuous 
pressure to move to less congested territory. Digital communications, particularly packet radio networking and 
digitized voice and video, are notable forces propelling users up to 23 cm and soon, on to 13 cm. 

In the context of 13 cm, the answer to the familiar question, "Who can I talk to up there?", may differ from 
the answers that were appropriate when the question was raised in regard to 70 cm and 2 meters. This is be¬ 
cause important breakthroughs are now occurring in the development of Amateur satellites (OSCARs) — in 
the frequencies to be used, the modes to be employed, and the platforms (i.e., satellites) used to carry equip¬ 
ment into space. More significantly, however, these breakthroughs may finally allow more Amateurs than ever 
before to participate in satellite communications. 

The first steps will be modest. In 1988, AMSAT will launch Phase 3C, with four transponders aboard; one 
of these will be a small 70-cm uplink, 13-cm downlink fm repeater. This easily acquired downlink may carry fm 
voice bulletins suitable for linking through gateway repeaters. 

Just a few years from now, in 1991, AMSAT's Phase 4 geosynchronous satellite will provide several classes 
of service at 13 cm, including voice and data as well as gateway linking, so that hams using HTs in one city 
will be able to interconnect through a local gateway with gateways and HTs in another. So the question, "Who 
can I talk to on 13 cm?" will soon be answered by "Who would you like to talk to?" 

Progress in these areas will bring new problems, however. As advances in technology drive down the cost 
of Amateur UHF and SHF equipment, commercial interests will find those portions of the spectrum increasingly 
appealing. Even now, they're eyeing the seemingly infertile UHF territory for suitable enclaves. The Amateur 
allocation at 13 cm is looking more attractive than ever, and has quickly become interesting real estate to those 
who would sell services based on occupancy of S-band spectrum. 

This means that Amateurs can't afford to delay making productive use of the 13-cm band. In short, we need 
to get busy and make that 13-cm desert bloom — with useful public service and emergency communications 
services, packet radio networks, and educationally significant communications as well as our traditional goodwill¬ 
building communications. Let's keep our hold on that band by planning for meaningful occupancy and by sup¬ 
porting those concrete efforts towards widespread utilization of 13 cm — such as Phase 3C and Phase 4 — 
already underway. 


Vern "Rip" Riportella, WA2LQQ 
President, AMSAT 
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comments 

DARC awards 

Dear HR: 

Many DXers in the United States 
and Canada either do not know that 
there is such a thing as a "Worked 
All Europe" (WAE) or other DARC 
awards, or are afraid to send their 
cards to Europe because of the cost 
and the possibility of loss. 

I am now the United States/Cana¬ 
dian checkpoint for all DARC awards. 
All information, including a list of 
countries, plus record sheets and 
application forms, can be obtained 
from me for a No. 10 SASE plus $1.00. 

Ralph M. Hirsch, K1RH, 
Woodbridge, Connecticut 06525 

for the birds 

Dear HR: 

I was intrigued with Bernard Kirsch- 
ner's request for ideas on how to dis¬ 
courage live owls from attacking a 
plastic owl installed as a bird-deterring 
antenna ornament (Comments, May, 
1987, page 6). 

As a salesman, I call regularly on a 
company that had a similar problem. 
A small park in the company's front 
yard was beautiful until the birds 
came, complete with droppings. Walk¬ 
ing through the park turned into an in¬ 
spiration to take up jogging — make 
that sprinting . 

Fortunately, this is a high technol¬ 
ogy company full of bright scientists 
and engineers ready to tackle any 
problem. First they tried a plastic owl, 
deployed in a variety of locations in the 
park with little noticeable effect. Then 
they tried directing ultrasonic pulses at 
the park — no effect. Finally, they 


hung a life-sized plastic eagle from the 
middle of a drooping wire (you might 
try nylon rope in order to avoid inter¬ 
fering with antenna patterns) suspend¬ 
ed about 20 feet above the park. As 
the eagle moves up and down in the 
wind, it spreads its wings, discour¬ 
aging smaller birds. 

Nature's pecking order puts the 
eagle at the top of the birds' list of day¬ 
time predators. Being nocturnal, owls 
prey mostly on rodents; perhaps that's 
why few smaller birds have learned to 
fear them? 

I hope this idea helps. 

John D. Seney, KB1HE, 
Manchester, New Hampshire 

03013 

hams of the future 

Dear HR: 

I want to thank everyone who con¬ 
tributed to my receiving AEA's 1986 
Ambassador award, which I accept on 
behalf of all of us who have been shar¬ 
ing our hobby with "outsiders" for 
years. AEA's award thrusts the Red¬ 
wood Youth Foundation's program 
into high visibility. 

We now have academically accred¬ 
ited ham radio classes in three secon¬ 
dary schools in Santa Cruz, with several 
more planned, and many other schools 
pleading for us to initiate the program 
for them. All this has been made pos¬ 
sible by Ben Deovlet, WB6FDU — our 
chief donor, tech advisor, and cheer¬ 
leader for the past five years — as well 
as many other generous hams who 
contributed gifts of time, effort, and 
equipment. 

Thanks to these many donors and 
volunteers, the Redwood Youth Foun¬ 
dation has sponsored several Interna¬ 
tional Youth TeleCongresses and 
conducted multinational Teleconfer¬ 
ences via computer. . . all for less than 
the cost of one field trip to the zoo per 
school! 

All this attracts young people of all 
colors, creeds, and ideologies. We've 
never seen so many young people so 
totally electrified, as they network with 
peers everywhere, learning how to 
communicate and cooperate. 

Young networkers need your exper¬ 


tise! How about volunteering to be the 
school program facilitator in yor/rtown? 

Jack Anderson said, "Every genera¬ 
tion, if it is to fulfill itself, must have a 
dream to inspire it and an adventure to 
ennoble it." I invite ail of us to help 
inspire and ennoble this generation of 
teens. History is waiting for us to take 
our kids with us as we explore our new, 
almost infinitely expandable electronic 
"space." 

Mary Duffield, WA6KFA 
Santa Cruz, California 95062 

short circuit 

compact 20-meter 
travelradio 

In KIBQT's article, "Compact 
20-meter CW Travelradio" (June, 
1987, page 8), part numbers were 
omitted for the following: 

CW filter 1C 1458 dual op amp 


Q8 

2N3906 

Q9 

MPS2222 

Q10 

BS-170 

Q11 

MRF479 


With the exception of MRF479, all 
of the above parts are available from 
Radio Shack; the MRF479 is available 
from RF Parts, 1320 Grand Avenue, 
San Marcos, California 92069. 

Figure 7B (main board layout, page 
19) should have indicated the position¬ 
ing of the ICs; the key on U4 goes 
toward the 10 j*F electrolytic, and the 
key on U2 goes toward T2 (IF can). In 
fig. 10B (CW audio filter), the key on 
the 1458 op amp goes away from the 
10 fiF electrolytic. 

The 914 diode shown located next 
to the 20-k trim pot (S-meter zero con¬ 
trol) in fig. 7B should be designated 
as a 9.0-volt, 400-milliwatt zener diode 
(Z1 in parts list). 

r SHORT CIRCUIT HOTLINE -v 

Building a current ham radio project? Call the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time — before you 
begin construction. We ll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See "Publisher's Log." April, 1984, page 6, for 
details.) 

V- 603- 878-1441 - ' 
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high-performance Yagis 

for 432 MHz 


Practical application 
of computer analysis 

This article describes two long Yagis for 432 MHz. 
Both offer excellent gain, given their boomlengths, 
and exceptionally clean pattern. Details of the develop¬ 
ment and construction of these Yagis, which were 
designed to be easily built from a commercial anten¬ 
na, are given. In addition, dimensions are presented 
for two higher gain Yagis which offer even better the¬ 
oretical performance, but have not yet been checked 
by the construction of test antennas. 



The Cushcraft 424B offers sound mechanical construction at 
a reasonable price. 


I few 432 MHz designs 

Three years ago I was searching for a good Yagi de¬ 
sign to use in a new 432-MHz array. The selection of 
commercially available antennas for 432 MHz has 
always been very limited because the number of sta¬ 
tions active on 432 MHz is small enough to make the 
design and production of commercial antennas for this 
frequency a proposition of limited, if any, profitabil¬ 
ity. Consequently, manufacturers have been slow to 
incorporate the latest developments in Yagi design. 

Fortunately, Gunter Hoch, DL6WU, had developed 
a director spacing and length combination which 
offered very good gain, a relatively clean pattern, and 
the ability to easily lengthen or shorten the Yagi with¬ 
out causing the gain peak to shift appreciably. 1 In all, 
the DL6WU design was a significant improvement 
over most previous Amateur designs. Several United 
States Amateurs had discovered this information and 
successfully built 432-MHz Yagis from it. 

The use of Gunter's design data required a start- 
from-scratch approach. However, most Amateurs find 
building antennas from scratch is unacceptable be¬ 
cause of the lack of convenient sources of materials 
and the necessity of construction equipment and 
machining skills. Modifying a commercial Yagi to per¬ 
form as well or better than the DL6WU design allows 
more Amateurs to experience the benefits of a high 
performance 432-MHz antenna system. 

improving a good design 

The starting point for the development of these 
Yagis was the Cushcraft 424B, which offered sound 
mechanical construction at a reasonable price. By 

By Steve Powiishen, K1FO, 816 Summer Hill 
Road, Madison, Connecticut 06443 
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working from a proven design, it was possible to 
reuse most of the components and hardware to make 
a good product even better. 

better pattern, higher gain 

My goal was to increase the gain, clean up the radia¬ 
tion pattern of the antenna, and get an acceptable wet- 
weather VSWR, while widening the gain bandwidth. 
The initial project was so successful that an extended 
boomlength version was also perfected. 

An initial look at the 424B shows that it uses one 
close-spaced director of 0.135 wavelength spacing, a 
second director spaced at 0.368 wavelength, and the 
rest of the directors spaced at 0.375 wavelength. The 
first ten directors have a length taper. The final ten 
are all the same length. Long Yagis (over 5 wave¬ 
lengths), which use constant director spacings, gener¬ 
ally have radiation patterns with very high sidelobe 
levels and overly narrow main lobes. In addition, such 
director arrangements create Yagis with narrow gain 
bandwidths and a very sharp gain dropoff on the high 
frequency side of the gain peak. Design improvements 
are even more beneficial when the Yagi is used in an 
array. Reference 2 illustrates this relationship. Mutual 
impedance effects, which tend to lower the gain peak 
frequency of an array versus the individual Yagis, also 
magnify these shortcomings in an array. 

One little-known aspect of the NBS study was that 
the researchers tried designs up to 7 wavelengths long. 
These longer Yagis were not included in the formal 
NBS report {NBS Technical Note No. 488), however 
— probably because of their poor performance. NBS 
researchers faced the limitations of constant spacing 
Yagis over 30 years ago; unfortunately, the NBS study 
wasn't extended to include variable spacing Yagis. 

The development of these new Yagis began on a 
backyard antenna range. The first step was the addi¬ 
tion of another close-spaced director, which improved 
the pattern but gave no significant gain increase. 
Application of directors with a constant taper gave 
further pattern improvements but still no meaningful 
gain increase. The time and effort required to build 
and measure the different antenna designs gave me 
some insight as to why Cushcraft ended their develop¬ 
ment of the 424B at the point they did: the task of 
optimizing the directors' lengths while simultaneously 
keeping the Yagi's gain peak near 432 MHz and main¬ 
taining a reasonable driven element match appeared 
to be overwhelming. 

computer analysis helped 

The WB3BGU series of articles on the computer 
analysis of Yagis 3 ended with a description of the com¬ 
puter program, which ham radio made available to 


readers for an SASE. Initially, I set up the program 
in FORTRAN (in which the original was written) on 
a computer at work; I then translated it to BASIC, 
which could be run on a home computer. The trans¬ 
lation to BASIC gave me the opportunity to correct 
some bugs in the program and add graphics routines. 

I spent the next three months analyzing every Yagi 
design for which I could get dimensions, paying spe¬ 
cial attention to designs with reliable pattern and 
gain data. Such an examination of the program was 
deemed necessary in order to ensure that any design 
created with the program would offer realistic results. 

Computer analysis of various designs confirmed the 
desirability of both additional close-spaced directors 
and an element taper to improve the pattern of the 
Yagi. Antenna modeling indicated that continuously 
increasing spacing, as used by DL6WU, was not 
necessary to create a high performance Yagi. In fact, 
it appeared that several less complicated spacing pat¬ 
terns could be used as long as all element lengths 
were optimized for that chosen spacing. An important 
step in the design of the improved Yagi, it was intend¬ 
ed to retain as many of the original 424B element 
spacings as possible in order to simplify construction. 

There are distinct advantages of the DL6WU design 
approach. The foremost is the ability to add or sub¬ 
tract directors without having the gain peak frequency 
shift appreciably. A number of designs were examined 
for frequency shift as elements were added. It was 
found that the center frequency of all Yagi designs 
oscillates up and down as elements are added. Even 
the DL6WU design shows this tendency, though the 
effect was the least of all designs examined. The wide 
gain bandwidth of the DL6WU design also minimized 
any frequency shift effects. 

The 24- and 32-element designs presented here all 
have similar dimensions. Note that the directors of the 
24-element Yagi are shorter than the 32-element ver¬ 
sion. Both Yagis have been adjusted to have a gain 
peak that's very close to the same frequency (436 
MHz), even though the elements lengths are differ¬ 
ent for the two Yagis. One should be forewarned that 
if construction of a Yagi from this design with a differ¬ 
ent number of elements is attempted, its gain peak 
may be several MHz away from that of the 24- or 
32-element antennas. 

variable element lengths and spacings 

The Yagi designs presented in this article use both 
varying element spacings and lengths. This was con¬ 
sistently found to give not only the highest gain, but 
the cleanest patterns and widest gain bandwidths. 
DL6WU pointed out the theoretical reasons for this 
condition. 4 Long Yagi designs which use either con- 
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stant element spacings or element lengths give poorer 
performance and should no longer be worthy of con¬ 
sideration for use by VHF/UHF weak signal operators. 

The formal design of the 432-MHz super Yagis start¬ 
ed with a selection of varying director spacings. These 
were chosen to fit best within the existing element 
holes to minimize the necessity of drilling new holes 
in the boom. I tried adapting the DL6WU spacing 
pattern to the 424B; except for the final director, 
spacing became 10.25 inches (260 mm) or 0,375 wave¬ 
lengths, since that was the ultimate spacing of the 
424B. The DL6WU design used a final spacing of 11 
inches (280 mm) or 0.400 wavelengths. Electrically, 
this approach appeared to work very well. Mechani¬ 
cally, however, this was not an acceptable solution 
because eight or nine new holes would have to be 
drilled into the boom — not in keeping with the rela¬ 
tively simple modification I was hoping to develop. 

Next, five different new spacing patterns were ex¬ 
amined on the computer. It was apparent that a good 
progressive spacing pattern didn't fit easily within the 
existing holes. The solution was to move the position 
of the driven element. Once this was done, an accept¬ 
able spacing arrangement was adapted to the 424B. 
The extra effort in devising this new director arrange¬ 
ment paid off by making a new design that requires 
only three new element holes to be drilled in the boom. 

Though not yet the ultimate answer, this extensive 
computer analysis (and in general, use of the computer 
in antenna design) helps to dispel several long-standing 
myths Amateurs have maintained about Yagi design. 
The first myth is the notion that a design has to be 
optimized for either highest gain or best radiation 
pattern. It was found that for designs with proper vari¬ 
able spacing arrangements, the best gain and best 
pattern solutions were convergent. While a design 
could be adjusted to maximize any particular aspect 
of the radiation pattern (lowest first sidelobes, highest 
f/b), the best overall pattern quality occurred concur¬ 
rently with the highest forward gain solution. The only 
way to further improve the pattern was to move the 
operation point of the Yagi lower on its frequency re¬ 
sponse curve — i.e., slightly shorten all of the direc¬ 
tors. I found that first sidelobe strengths were usually 
close to -18 dB in the E plane and -16 dB in the 
H plane when a Yagi with a good spacing pattern was 
optimized. Students of physics will recognize the sig¬ 
nificance of - 18 dB because it's the expected strength 
of the first sidelobes from a fully illuminated circular 
aperture. 

Another common myth holds that when a Yagi is 
tuned for maximum gain, its bandwidth will be very 
narrow. This condition was found to be true for con¬ 
stant spacing and constant length designs, but it was 
also true for those constant designs even when they 
were not gain optimized. For designs with variable 


spacings and lengths, the gain bandwidth of such de¬ 
signs was remarkably wide. Even more significant was 
the fact that the gain bandwidth was best when the 
elements were optimized for maximum forward gain. 
As an indication of this wide gain bandwidth the 
24-element modified Yagi has a - 1.0 dB gain band¬ 
width of 25 MHzl (Gain bandwidth should not be 
confused with VSWR-bandwidth. VSWR bandwidth 
is merely an indication of feed impedance versus fre¬ 
quency and is not normally an indication of forward 
gain.) 

single reflector used over trigon 

At this point I decided to drop the tri-reflector 
arrangement in favor of a single reflector. There have 
been some exaggerated claims made for various mul¬ 
tiple reflector arrangements. Previous experimental 
work indicated that any of the various multiple reflec¬ 
tor arrangements gave about 0.2 dB additional gain 
over a single reflector, once they were optimized for 
the individual Yagi design to which they were added. 
Subsequent computer analysis has indicated that the 

t 

amount of additional gain obtainable in these multi¬ 
ple reflector arrangements decreases in direct propor¬ 
tion to how well the directors are optimized. That is 
to say, an antenna that doesn't have its directors fully 
optimized for maximum forward gain could very well 
see 0.5 dB additional gain with the addition of a tri¬ 
reflector or screen reflector. Conversely, a Yagi with 
its directors optimized for maximum gain may be for¬ 
tunate to see a 0.1-dB gain improvement from such 
a multiple reflector arrangement. 

There also seems to be a common misconception 
that multiple reflector arrangements improve the f/b 
ratio. Except for screen or grid reflectors such as those 
used by DL9KR, this has not been observed to be the 
case. 5 Dual or tri-reflectors show some tendency to 
increase the bandwidth over which a particular f/b will 
be maintained, but don't show any consistent tenden¬ 
cy to always increase the f/b. Many of these multiple 
reflector arrangements can be tuned to decrease the 
strength of the rear lobe right at 180 degrees. Since 
the overall gain of the Yagi doesn't significantly in¬ 
crease with these multiple reflector arrangements, the 
strength of other minor lobes increases. It should also 
be noted that the actual f/b at the 180-degree point 
of the pattern is not a good indicator of the perform¬ 
ance of a Yagi. Many Yagis, including the stock 424B 
and F9FT-21 element Yagi have nulls at the 180-degree 
point which give an artificial sense of a high f/b. In 
order for a Yagi to have an excellent G/T (Gain-to- 
Noise Temperature ratio), it must have all lobes in the 
rear hemisphere of the Yagi, in all planes, down a sig¬ 
nificant amount (over 25 dB). Lobes on either side of 
180 degrees are actually conical in shape when the an¬ 
tenna pattern is viewed in three dimensions. There- 
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fore, they intercept a large amount of radiated energy 
and can be a troublesome source of noise reception. 
The modified Yagis have measured f/b ratios of close 
to 25 dB. In addition, the lobe at 180 degrees is 
strongest in the rear hemisphere of the pattern and 
almost all other rear lobes are down 30 dB or more. 

If a high or broadband f/b ratio is desired, a non- 
tuned grid or screen reflector arrangement will be most 
effective. If one is concerned mainly with forward gain 
and pattern at a particular frequency, none of the 
multiple reflector arrangements is as effective in terms 
of windload versus additional gain when compared 
to simply lengthening the boom and adding more 
directors. 

The quad-type feed and reflector were also exam¬ 
ined. Many of the performance claims for the quad 
feed were not substantiated by computer analysis. It 
was found that on short Yagis (under 1.5 wavelengths) 
the quad feed added a couple of tenths of a dB in 
additional gain versus a dipole feed. However, in 
considering the quad feed and reflector, one must also 
account for the additional windload and weight that 
it adds. As in the tri-reflector, the gain-versus-windload 
war would be won by adding directors to a dipole-fed 
Yagi. The longer the Yagi was, the less effect the 
quad feed had. In fact, at 5 wavelengths (boom), no 
measurable gain advantage was noticed by using a 
quad feed and reflector. 

One area in which a quad feed can offer an advan¬ 
tage is in VSWR bandwidth — i.e., the VSWR could 
be held under a certain value over a wider frequency 
range. If a quad feed is used on a long Yagi, I highly 
recommend using a balun. Pattern measurements on 
quagi-type antennas have usually shown significant 
pattern imbalances. Another myth about quagis has 
been that they have better patterns; yet an examina¬ 
tion of existing quagi designs, both on the computer 
and on my antenna range, indicated that their patterns 
are substantially poorer than any modern Yagi such 
as the DL6WU design or the designs presented here. 
Attempts were made on the computer to adapt the 
quad feed to more modern director strings. The results 
were not very successful. The quad feed seemed to 
require a very wide first director spacing in order 
to get acceptable forward gain. This wide first direc¬ 
tor spacing then caused pattern deterioration. The 
net result was to drop further efforts on quagi-type 
antennas. 

design knowledge reduces computer 
time 

The computer hardware available to me over a year 
ago required about 2-1/2 minutes to calculate the gain 
and pattern of the 24-element Yagi and close to 4 
minutes to calculate the 32-element version. Consider¬ 
ing that every time an element length was changed, 


every other element had to be checked to see if its 
length should also be changed, the number of calcu¬ 
lations required to optimize each of the elements might 
require sitting at the computer for half a year. To free 
me from that chore, I designed an algorithm to opti¬ 
mize the element lengths automatically. This algorithm 
could also be utilized to optimize element spacings. 
It could be extended to optimize both spacings and 
lengths as well; however, with the level of computer 
power available to most Amateurs, such an optimiza¬ 
tion of a 32-element Yagi might take considerably 
longer than we're willing to wait. Therefore, the design 
must start with some geometry constants determined 
by the designer's knowledge of antenna designs. 

It was found that the Yagi analysis program lacked 
sufficient accuracy to completely self-optimize a long 
Yagi. Specifically, the program showed a tendency to 
make the elements at either end of the antenna longer 
than desired. In addition, the program would make the 
elements in the center of the Yagi considerably short¬ 
er than would be believable. At the same time, gain 
figures would become higher than expected. More¬ 
over, the free-running gain optimization would result 
in an antenna with a low f/b ratio (less than 15 dB). 
Therefore, it was necessary to go into the design proc¬ 
ess manually from time to time and correct element 
lengths that appeared to be out of line. These adjust¬ 
ments were based on real-world experience with de¬ 
signs which were known to work. Final manual 
element adjustments were made to perform pattern 
cleanup on the Yagi. 

With a good mathematical model in place, the next 
step was to build and test a real antenna. This is 
the point where theory meets reality; if an antenna 
is optimized with even a slightly erroneous model, 
those errors will surely be designed into the resultant 
Yagi. A further complication was the use of elements 
mounted through the boom but insulated. At that 
time, no reliable element length correction informa¬ 
tion existed for that method of mounting elements. 
An additional uncertainty was the fact that very few 
existing 432-MHz Yagis peaked very close to 432 MHz 
on the computer. First attempts to build real 24- and 
32-element Yagis resulted in antennas which peaked 
in gain around 444 MHz. 

This occurred for several reasons. First, the design 
was intentionally peaked high in frequency because 
the Yagis were designed to be used in arrays of up 
to 16 elements. In addition, at the onset of antenna 
construction, I expected a much smaller boom correc¬ 
tion for insulated through-the-boom elements than the 
actual correction factor turned out to be. Another set 
of elements were made 1/16-inch (1.6 mm) longer. 
This lowered the gain peak to 442 MHz. An additional 
set of elements were made for the 32-element Yagi 
again 1/16-inch (1.6 mm) longer. The gain peak moved 
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another 2 MHz lower to 440 MHz. Both the real an¬ 
tenna and additional computer modeling showed that 
a 432-MHz Yagi with 3/16-inch (4.8 mm) diameter ele¬ 
ments shifted in frequency approximately 1 MHz for 
each 1 /32 inch (0.8 mm) added or subtracted from the 
elements. Since 1 /32 inch is also very close to 1 mm, 
this becomes a handy rule of thumb for shifting the 
center frequency of a 432-MHz Yagi for those work¬ 
ing in either English or metric units. 

boom correction 

During this phase of antenna development I exam¬ 
ined the boom correction. Three different insulators 
— the original 424B type (Heyco nylon inserts), the 
Delrin™ RIW Products type, and the KLM polyethyl¬ 
ene type — were tried; all three gave similar, but not 
identical, results. The amount of capacitance between 
the element and boom appeared to be the major vari¬ 
able in boom correction. In modeling the effect of the 
insulated elements mounted through the boom, one 
can think of the element as an inductor. The boom is 
looked at as additional inductors in parallel with the 
center portion of the element. For insulated elements 
these inductances are capacitively coupled, reduc¬ 
ing the amount of parallel inductance. This lowers 
the amount of boom effect over elements mounted 
through the boom and not insulated. 

Figure 1 describes the boom correction model. An 
additional complication in the model is an apparent 
shielding effect that the boom has on the portion of 
the element which is inside the boom. This increases 
the boom correction over the amount implied by the 
simple capacitive/inductive reactance model. The cor¬ 
rection I normally use for this type of element mount¬ 
ing is 25 percent of the boom diameter. The effect 
appears to change slightly with boom diameter. For 
example, a 0.75-inch (19 mm) boom shows closer to 
20 percent correction, while a 1-1/2 inch (38 mm) 
boom requires nearly 30 percent correction. This non¬ 
constant effect was also charted by DL6WU for unin¬ 
sulated elements mounted through the boom. 6 The 
-0.5 dB gain bandwidth of a weH-designed Yagi is 
close to 3 percent, or nearly 14 MHz at 432 MHz. Be¬ 
cause of this, one doesn't have to be all that fussy in 
the exact determination of the boom correction. 

square cut end lengthens element 

Another impediment to having the computer mod¬ 
el come out right the first time is what I call the ele¬ 
ment end effect . This is an apparent effect where a 
rod element with square cut ends will appear electri¬ 
cally longer than its physical length. I believe the sharp 
corners at the end of the element cause a field strength 
concentration; a more even current and field distribu¬ 
tion would be obtained by using elements with spher¬ 
ical ends. 

This effect is probably negligible below 50 MHz. At 
432 MHz, where a 3/16-inch (5 mm) diameter is a 




measurable portion of a wavelength, the effect can 
no longer be ignored. I believe this element end effect 
is the main reason Amateurs had so much trouble 
scaling Yagis to 432 and 1296 MHz for many years; 
it's also further substantiated by persistent stories that 
the NBS Yagis wouldn't work above 1000 MHz. Most 
likely the element length graphs provided by NBS did 
not have this factor taken into account for frequen¬ 
cies significantly different than the 400-MHz test fre¬ 
quency used by the NBS. 
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fig. 3. Calculated E and H plane pattern for 32-element 
Yagi, version 2. 


My work leads me to believe that at 432 MHz, a 
3/16-inch (4.8 mm) diameter element with square cut 
ends acts as if it were close to 0.15 inch (3.8 mm) — 
electrically longer that its physical length. Using the 
previously outlined nominal 1-MHz frequency shift per 
1/32 inch (0.8 mm) of element length change rule of 
thumb, this element end effect accounts for close to 
a 5-MHz lowering in center frequency at 432 MHz. To 
minimize this effect and to help lower the field con¬ 
centration at the element ends, I use about a 1 /32-inch 
(0.8 mm) chamfer on the element ends. This appears 
to reduce the frequency shift to less than 2 MHz. This 
rounding of the element ends also appears to help wet 
weather performance. 

After being sidetracked by the element end effect 
investigation, it was decided that an additional 1 /8 inch 
(3.2 mm) would be added to the length of ail the 
elements. This would move the gain peak down to 436 
MHz. This tuning makes the gain at 432 MHz approx¬ 
imately 0.1 dB lower than the maximum at 436 MHz 
— the most desired frequency to which the antenna 
would be tuned — because the pattern at 432 MHz 
is somewhat cleaner and mutual impedance effects 
from the other Yagis in arrays would not be detrimen¬ 
tal. These mutual impedance effects tend to lower the 
center frequency of an array of Yagis relative to the 




free-space center frequency of a single Yagi. 

An array of four medium-sized Yagis (RlW-19s) had 
both a measured and calculated frequency shift of 
about 600 kHz . Based on this, an array of 16 Yagis 
could have a frequency drop of nearly 2 MHz. If these 
mutual impedance effects cause the array to move 
over the high frequency gain dropoff point, the array 
will never perform as well as expected !. In fact, it is 
for this reason that some Yagis can never obtain the 
theoretical 3-dB stacking gain. In addition, the radia¬ 
tion pattern of most Yagis deteriorates rapidly above 
the gain peak. It is for these reasons that Amateurs 
were not very successful in getting EME arrays made 
from some of the early Amateur Yagi designs to work 
properly. 

Computer-generated patterns for the 24-element, 
17-foot, 3-inch (5.2 m) and the 32-element, 24-foot 
(7.3 m) Yagis are given in figs. 2 and 3. Actual E plane 
pattern measurements for both Yagis are shown in 
figs. 4 and 5. A comparison with the patterns of the 
stock 424B (figs. 6 and 7) demonstrates the attention 
paid to improving the radiation patterns. When com¬ 
paring the patterns, keep in mind that the revised Yagis 
use a single reflector instead of the tri-reflector on the 


July 1987 GS 15 









original antenna. The calculated gain-versus-frequency 
plots (fig. 8) provide more interesting data. The max¬ 
imum gain point of the modified Yagis has been moved 
4 MHz higher, to 436 MHz. In addition, the high-side 
gain cliff, the point at which the gain of the Yagi rapid¬ 
ly drops off, is moved almost 8 MHz higher in fre¬ 
quency. A smooth gain-versus-frequency curve is an 
indication that the directors are operating in a syner¬ 
gistic mode and hence at or near their maximum pos¬ 
sible performance. 

Between the 24- and 32-element versions of the 
Yagis, eight different test Yagis were built before the 
published dimensions were selected. There's still room 
for a little improvement in the 32-element Yagi; this 
will be covered in more detail later. 

It's obvious that with the accuracy of antenna analy¬ 
sis programs available to most Amateurs, an Impor¬ 
tant post-computer optimization process is required. 
One shouldn't put too much confidence in any analy¬ 
sis program until the results have been confirmed with 
real antennas. With the help of the more sophisticated 
method of moments analysis programs, I now need 
only one or two tries building a real antenna to get 
it right. Getting to this point required two years of 



learning both the limitations of the programs I use and 
more about the design of Yagis. 

design procedure 

The design cycle is still an iterative process. It first 
uses a rough optimization using WB3BGU's computer 
program. Next, the results of the YAGI program are 
confirmed by a more sophisticated but vastly slower 
method of moments program. If the design is believ¬ 
able, a test Yagi is made and measured at this point. 
From that data, further computer tuning is done and 
other test antennas are made. Figure 9 shows the flow 
chart for the computer-aided Yagi design process. 

The calculated patterns were done on an enhanced 
version of MININEC, This program's results appear to 
have gain figures and calculated patterns that more 
closely represent the real world than those generated 
by the YAGI program. It should be noted that the cal¬ 
culated gain figures are slightly optimistic because they 
do not account for balun and element resistive losses, 
mechanical tolerances, or unwanted radiation from the 
feed. Likewise, the calculated patterns are also opti¬ 
mistic for the same reasons. One may expect that the 
real Yagi's sidelobes will be 1 to 2 dB poorer than cal¬ 
culated, with the main lobe slightly narrower than 
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calculated and gain typically 0.1 dB lower than cal¬ 
culated. 

Careful comparative gain measurements between 
these Vagis and both the RIW-19 Vagi 114.9 dBd) and 
the KLM 432-30-LBX Vagi {17.3 dBd) indicate that the 
32-element version 2 Vagi has 17.7 dBd forward gain 
and the 24-element model has about 16.4 dBd gain, 
or 0.5 dB over the original 424B. Computer analysis 
by both the WB3BGU program and the more sophisti¬ 
cated method of moments programs agrees with these 
gain comparisons. As a reference, a 31-element, 
24-foot (7.3 m) DL6WU design Vagi measures 17.5 
dBd and has a slightly poorer pattern. The optimized 
31-element DL6WU design for which I calculated the 
revised element lengths has a slightly better pattern 
than the 32-element version 2 Vagi, but lower gain at 

17.6 dBd. 7 The improved 32-element design {version 
3) theoretically has as good an overall pattern as the 
optimized DL6WU design, but with almost 0.2 dB 
higher forward gain. Accuracy of these gain figures 
should be within 0.2 dB. 

I believe that the maximum theoretical gain that can 
be obtained with a 17-foot (5.2 m) 432-MHz Vagi is 

16.6 dBd and that the maximum for a 24-foot {7.3 m) 































Yagi is 18.0 dBd. Thus, these Yagis are near the 
theoretical maximum possible gain, given their boom- 
lengths. Further performance increases would require 
radical changes in element spacings, and therefore de¬ 
feat the objective of devising an improved antenna that 
was easy to build from an existing commercial mod¬ 
el. These theoretical gain improvements are also very 
small (approximately 0.2 dB). Keep in mind that a 
measured gain of 18.0 dBd for a 24-foot (7.3 m) 
432-MHz Yagi may never be obtained because of resis¬ 
tive losses, construction tolerances, unwanted feed 
radiation, and feed imbalance. Although the original 
design objective was to create an easy-to-copy modifi¬ 
cation of a commerical Yagi, the above performance 
comparison indicates that the design is worthy enough 
to be considered for construction from scratch. This 
is verified by the fact that the 32-element, 24-foot (7.3 
m) design has never been beaten at an antenna gain 
contest by a similar size Yagi. The only Yagi ever to 
exceed its gain at an antenna contest was almost 29 
feet (8.8 meters) long, which is 5 feet (T5 meters) 
longer in boomlength. 



fig. 8. Calculated gain versus frequency is higher than actual gain, since 100 percent power transfer is assumed at all fre¬ 
quencies — i.e., feed impedance changes are ignored. 


Table 1. Dimensions for a 24-element Yagi, version 3. 


Spacing 

Length 

Boom (inches) 


t.ooo, 

13.6250 

1 

REF 

5.250, 

13.2500 

1 

DE 

7.875, 

12.6250 

1 

D1 

11.563, 

12.2500 

1 

D2 

16.813, 

12.1875 

1 

D3 

23.563, 

12.0625 

1 

D4 

31.875, 

11.8750 

1 

D5 

42.125, 

11.6875 

1 

D6 

52.375, 

11.5625 

1 

D7 

62.625, 

11.3750 

1 

D8 

72.875, 

11.3125 

1 1/8 

D9 

83.125, 

11.2500 

1 1/8 

D10 

93.375, 

11.1875 

1 1/8 

Dll 

103.625, 

11.1250 

1 1/8 

D12 

113.875 

11.0625 

1 1/8 

D13 

124.125, 

11.0000 

1 1/8 

D14 

134.375 

11.0000 

1 1/8 

D15 

144.625, 

10.9375 

1 

D16 

154.875, 

10.8750 

1 

D17 

165.125, 

10.8750 

1 

D18 

175.375, 

10.8125 

1 

D19 

185.625, 

10.8125 

1 

D20 

195.875, 

10.7500 

1 

D21 

206.125, 

10.7500 

1 

D22 
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fig. 9. Computer-aided Yagi design cycle. 
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construction 

The actual construction of either of these Yagis 
starts with the drilling of three new element holes in 
the boom. The driven element is mounted in a new 
hole 2.625 inches (66.7 mm) behind the original driv- 
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en element hole. The old DE location now becomes 
director 1 and the original director 1 is now director 
2. A second new hole is drilled for director 3. The origi¬ 
nal director 2 hole is no longer used and a final new 
element hole is added between the original director 
2 and 3 holes where a new director 4 now goes. This 
provides a new antenna with 24 elements — the same 
number as the original 424B. 

The improved Yagis use a single reflector instead 
of the 424B's tri-reflector. Thus two additional close¬ 
spaced directors are added in the new design. A new 
hole for the N connector bracket is drilled 2.625 inches 
{66.7 mm) behind the original. The hole for the balun 
clamp is moved 3.125 inches (79 mm) further back to 
accommodate the shortened baluns used on the modi¬ 
fied Yagis. Figure 10 shows the new hole drilling pat¬ 
tern for the rear boom section. This revised element 
spacing is common to both the 24-element and 32- 
element versions. 

Constructing a 24-element Yagi from an unas¬ 
sembled 424B requires only 27 inches (0.69 m) of 
3/16-inch aluminum rod and 2 inches (5 cm) of No. 
12 copper wire. Modifying an assembled 424B requires 
the same parts plus a number of element retainers to 
replace those which will be destroyed in disassembly. 
One should note that most of the directors could be 
filed down while in place on the boom, provided that 
one was careful in checking dimensions during the 
filing process. It's easier, however, if the element 
lengths are checked carefully when they're removed 
from the Yagi. Cutting tolerance should be kept with¬ 
in ± 1/32 inch (0.8 mm), for reassembly of an exist¬ 
ing 424B, suitable stainless steel element retainers {No. 
6100-18) made by Industrial Retaining Ring Company 
of Irvington, New Jersey, can be ordered from most 
local industrial hardware distributors. Suitable retain¬ 
ers can also be ordered from Cushcraft. 

Table 1 is a list of the dimensions for the new ele¬ 
ment lengths of the 24-element Yagi. There are few 
common dimensions with the original 424B. No at¬ 
tempt was made to save existing element lengths. 

The listed dimensions are for version 3 of the 
24-element Yagi; they supersede any information I dis¬ 
tributed before August, 1986. The version 3 Yagi 
incorporates additional element adjustments which 
were modeled on MININEC and confirmed on a test 
antenna. The latest version features improvements in 
both gain and pattern. Be sure to put a slight chamfer 
on the end of the elements — otherwise the antenna 
will tune lower in frequency and the driven element 
match may not be acceptable. 

The driven element is described in fig. 11. Note that 
the rectangular black spacer insulators used between 
the driven element and T match bars are no longer 
used. The No. 16 wire used to connect the T match 
to the N connector is replaced by a No. 12 wire. This 


was done both to improve the VSWR bandwidth and 
reduce unwanted radiation from the jumper wire. 
Measurement of a stock 424B gave a VSWR of 1.15:1 
when dry and over 10:1 when doused with water from 
a garden hose. The revised match arrangement on the 
modified Yagi has a VSWR less than 1.12:1 when dry 
and about 2.0:1 (measured at the feed) when drenched 
with water. 

When radiation patterns were first made on the 
modified Yagis, an imbalance in the sidelobes was 
noted. A similar pattern distortion was also measured 
on a stock 424B. Several more measurements were 
made to determine whether the pattern distortions 
were occurring in the measurement method or were 
actually in the Yagis. To confirm that the imbalance 
was really in the antenna, the test 424B was flipped 
over. The pattern imbalance changed sides when the 
Yagi was turned over. This indicated that the pattern 
distortion was in the antenna and not attributable to 
range reflections. 

After checking a number of possible causes for the 
imbalance, it was determined that the balun on the 
424B was 1.00 inch (25.4 mm) too long. A length error 
of exactly 1.00 inch {25.4 mm) leads me to believe that 
the error in balun length was due to a simple number 
translation mistake when the 424B's designer calcu¬ 
lated the balun length, and that it wasn't made that 
length intentionally. The main objective of a half¬ 
wavelength balun is to provide a 180-degree phase 
shift to feed the other half of the drive element. The 
actual length of the balun should be 180 electrical 
degrees, including the ends of the balun that protrude 
from the shield. One should not change the length of 
the balun to obtain a good match; this will cause pat¬ 
tern distortion. The shorter balun also appears to help 
the wet weather VSWR. If you don't shorten the 
balun, the driven element dimensions will be differ¬ 
ent for a proper match. 

designing (and mounting) a longer 
Yagi 

The success of the 24-element, 17-foot {5.2 m) Yagi 
inspired a longer version. The design objective of the 
long Yagi was simply to outperform any available com¬ 
mercial or homemade Yagi. The appearance of the 
22-foot {6.7 m) KLM 432-30-LBX, based upon the 
DL6WU design (with 17.3 dBd gain), plus the increas¬ 
ing use of homemade DL6WU Yagis up to 24 feet {7.3 
meters) long, added to the challenge. A secondary de¬ 
sign objective of the longer version was to make it from 
readily available parts. 

A 24-foot {7.3 m) length was selected because I be¬ 
lieved it to be a practical size limit, so the Yagi would 
be reasonably easy to handle. While longer Yagis may 
appear practical on paper, the construction of an EME 
array, which requires elevation movement, places 
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Table 2. 

Spacing 

Dimensions for a 

Length 

32-element Yagi, version 2. 

Boom (inches) 

1.000, 

13.9375 

1 

REF 

5.250, 

12.8750 

1 

DE 

7.875, 

12.9375 

1 

D1 

11.563, 

12.3750 

1 

D2 

16.813, 

12.3750 

1 

D3 

23.563, 

12.2500 

1 

D4 

31.875, 

12.0625 

1 

D5 

42.125, 

11.8750 

1 

D6 

52.375, 

11.7500 

1 

D7 

62.625, 

11.5625 

1 

D8 

72.875, 

11.3750 

1 1/8 

D9 

83.125, 

11.3750 

1 1/8 

D10 

93.375, 

11.3750 

1 1/8 

Dll 

103.625, 

11.3125 

1 1/8 

D12 

113.875, 

11.0625 

1 1/8 

D13 

124.125, 

11.0625 

1 1/8 

D14 ! 

134.375, 

11.1250 

1 1/4 

D15 

144.625, 

11.1250 

1 1/4 

D16 

154.875, 

10.9375 

1 1/8 

D17 

165.125, 

10.9375 

1 1/8 

D18 

175.375, 

10.9375 

1 1/8 

D19 

185.625, 

11.0000 

1 1/8 

D20 

195.875, 

10.9375 

1 1/8 

D21 

206.125, 

10.9375 

1 1/8 

D22 

216.375, 

10.8125 

1 1/8 

D23 

226.625, 

10.8125 

1 

D24 

236.875, 

10.8125 

1 

D25 

247.125, 

10.8125 

1 

D26 

257.375, 

10.8125 

1 

D27 

267.625, 

10.8750 

1 

D28 

277.875, 

10.8750 

1 

D29 

' 288.125, 

10.8125 

1 

D30 


Table 3. Dimensions for a 32-element Yagi, version 3 (not 

tested). 




Spacing 

Length 

Boom (inches) 


1.000, 

13.6250 

1 

REF 

5.250, 

12.9375 

1 

DE 

7.875, 

12.7500 

1 

D1 

11.563, 

12.3125 

1 

D2 

16.813, 

12.3125 

1 

D3 

23.563, 

12.1875 

1 

D4 

31.875, 

12.0000 

1 

D5 

42.125, 

11.8125 

1 

D6 

52.375, 

11.6875 

1 

D7 

62.625, 

11.5000 

1 

D8 

72.875, 

11.3438 

1 1/8 

D9 

83.125, 

11.3438 

1 1/8 

010 

93.375, 

11.3438 

1 1/8 

Dll 

103.625, 

11.2813 

1 1/8 

D12 

113.875, 

11.0938 

1 1/8 

D13 

124.125, 

11.0313 

1 1/8 

D14 

134.375, 

11.0625 

1 1/4 

D15 

144.625, 

11.0000 

1 1/4 

D16 

154.875, 

10.9688 

1 1/8 

D17 

165.125, 

10.9688 

1 1/8 

D18 

175.375, 

10.9063 

1 1/8 

D19 

185.625, 

10.9063 

1 1/8 

D20 

195.875, 

10.9063 

1 1/8 

D21 

206.125, 

10.8438 

1 1/8 

022 

216.375, 

10.8438 

1 1/8 

D23 

226.625, 

10.8125 

1 

D24 

236.875, 

10.7500 

1 

D25 

247.125, 

10.7500 

1 

D26 

257.375, 

10.7500 

1 

D27 

267.625, 

10.7500 

1 

D28 

277.875, 

10.6875 

1 

D29 

288.125, 

10.6875 

1 

D30 
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fig. 10. New spacing pattern for 24, 32, and 38-element Yagi. 
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additional demands on the supporting tower. Typical 
EME arrays are mounted about 20 feet {6.1 meters) 
above the ground; an array of 16 of the 24-foot (7,3 
meters) long Yagis has only 4 feet (1.2 meters) of 
ground clearance when tilted back. Longer Yagis will 
need a higher tower and hence one that is consider¬ 
ably stronger than the commonly used Rohn 45. If an 
array of such long Yagis is intended to be mounted 
atop a tall guyed tower, for use on tropo, for exam¬ 
ple, the design becomes more difficult. An array made 
from even longer Yagis would have to be mounted a 
large distance above the top guy wires in order to allow 
elevation movement. In the case of an array made 
from 24-foot (7.3 meters) Yagis, the height above the 
guys is 14 feet (4.3 meters). An array made from eight 
of the Yagis stacked two wide and four high has a total 
windswept area of over 40 square feet when phasing 
lines, preamplifier enclosure, and all other required 


accessories are included. Such an array presents a 
loading force that is at the limit of what a Rohn 55 
can handle. When one considers that an array of eight 
29-foot (8.8-meter) Yagis has a wind area approaching 
50 square feet and would have to be mounted over 
16 feet (4.9 meters) above the guys, one can see how 
quickly the tower loading can get out of hand. 

The 24-foot (7.3-meter) length worked out well be¬ 
cause it could be obtained by purchasing an additional 
center boom section for the 424B from Cushcraft. The 
availability of the additional boom section, in pre-drilled 
form, sealed the design length. To complete the boom 
only a simple, short, 1-1/4 inch (38 mm) OD, 0.058- 
inch (1.5 mm) wall, 6061-T6 aluminum tube splice was 
required. 

Those who build the Yagi may note that it could 
have been made with an additional director (10.25 
inches/260 mm longer). I decided to keep the anten- 
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REAR BOOM SUPPORT CENTER SECTION 

MATERIAL 606I-T6 ALUM, 7/8" OD., 0.058 “ WALL 



FRONT BOOM SUPPORT CENTER SECTION 

MATERIAL 606/~T€ ALUM. 7/8“ OD., 0.058“ WALL 


■NO. 19 DRILL (2 PLACES) 


r. t 



2! 3/8" 

28" 


4 


fig. 13. Parts for a 24-foot extended, modified 424B 
antenna. 


na at 32 elements and overlap the rear and center 
boom sections for additional strength. The selected 
length and mast mounting position creates a balanced 
antenna when a feedline is attached. Having a bal¬ 
anced antenna is an important consideration, especial¬ 
ly when it will be used in large arrays. The center boom 
piece is detailed in fig. 12. 

The longer, 24-foot (7.3-meter) length made the 
original Cushcraft 424B boom support inadequate. A 
solution was again found in Cushcraft parts. A new 
boom support was made from preformed boom sup¬ 
port pieces for the 220B antenna. This required only 
the fabrication of two simple straight splice sections 
of 3/4-inch (19-mm) OD, 0.058-inch (1.5-mm) wall alu¬ 
minum tube. The new boom support center pieces are 
described in fig. 13. 

Alternately, one can make one's own boom sup¬ 
ports, Another possibility would be to lengthen the 
original 424B supports by using 0.625-inch OD, 0.058- 
inch wall aluminum tubing. Since the parts for the new 
boom support were purchased, Cushcraft changed the 
design of its boom supports. Suitable boom supports 
can now also be made from the supports used on 
either the latest A32-19 or 4218-XL 144-MHz Yagis. 
A rigid boom support is preferable to a simple support 
wire; it adds lateral strength to the boom, minimizing 
oscillation in the wind. 

Element lengths for the 32-element version 2 Vagi 
are given in table 2. These are the latest tested di¬ 
mensions and are representative of the version that's 
been brought to several antenna contests and also 
used in NCII's EME array. The director lengths, which 
don't get progressively shorter, may not seem logical, 
but I found that this length arrangement was neces¬ 
sary to keep an acceptable pattern, given the closer- 
than-desired director spacing used in the 424B boom 
sections. 

Since the version 2, 32-element Vagi was perfected, 
access to more sophisticated computer programs has 
allowed an improved director string to be calculated. 
The new director arrangement uses an element length 
scheme similar to the version 3, 24-element Yagi. That 
is to say, all directors are shorter than the preceding 
one. This new director string theoretically has 0.1 dB 
more gain than the version 2 arrangement. The pat¬ 
tern is also slightly cleaner, in theory. Dimensions for 
the new arrangement called version 3 are given in 
table 3. These dimensions haven't been confirmed by 
the construction and measurement of test antennas. 
Experience with the version 3, 24-element Yagi makes 
me confident that the revised 32-element design will 
perform as predicted. One can never be completely 
certain that it will perform as expected until a real 
antenna is built and measured. The design data for 
all of these Yagis is presented here because publish¬ 
ing my work up to this point was long overdue. One 
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Photo A. Thirty-two element Yagi driven element. 

could become consumed in a lifetime project to con¬ 
tinually improve upon the last design. If such a cycle 
were to continue forever — without publishing any of 
the earlier work — there would be no benefit to the 
Amateur community. However, be forwarned that if 
you decide to build a Yagi using the table 3 dimen¬ 
sions, you'll be entering uncharted territory. Calculated 
E and H plane patterns for the version 3 Yagi are giv¬ 
en in fig. 14. 

The maximum performance objective for the 24-foot 
(7.3-meter) Yagi also required a new driven element 
construction. I felt that the 424B-based driven ele¬ 
ment had excessive, unwanted radiation from the 
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fig. 15. Driven element and balun details for a 32-element. 24-foot, 432-MHz Yagi. 
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wire between the N connector and T match bars. To 
remedy this situation, a driven element patterned 
after that used on the RIW Products 19-element 432- 
MHz Yagi was made, moving the N connector closer 
to the boom. This has been done both by cutting 
down the Cushcraft-supplied connector brackets and 
also by making copies of the brackets employed on 
RIW Products' Yagis. The new T match uses No. 12 
copper wires, as does the RIW Yagi. A UT-141 balun 
was used, replacing the Cushcraft RG-303 balun. The 
Yagi with the new T match appears to have close to 
0.1 dB more gain than one with the modified Cush¬ 
craft match. Either match can be used on either ver¬ 
sion of the antenna. The builder will have to decide 
if the less than 0.1 dB gain increase is worth the added 
effort. Those perfectionists in the audience may note 
that the UT-141 balun accounts for about 0.05-dB loss. 
A larger size copper hardline such as UT-225 or a 
sleeve balun could be fabricated if one finds that loss 
upsetting. Construction details of the new T match 
for the 32-element Yagi can be found in fig. 15 (see 



Photo B. Thirty-two element, 24 foot Yagi. 


Photo A). The boom layout for the 32-element Yagi 
is shown in fig. 16 and Photo B. 

There are sure to be some operators who won't be 
satisfied with a 24-foot Yagi. For those adventurous 
souls, element lengths for a 38-element, 29-foot ver¬ 
sion (see fig. 17) are given in table 4. The expected 
gain of this 38-element model is 18.5 dBd. If you 
attempt to build the 38-element version, please keep 
in mind that because I haven't built or tested this ver¬ 
sion, I won't be able to give advice on the construc¬ 
tion of a driven element for it or assist in debugging 
it. As with the improved 32-element Yagi listed in table 
3, there is a possibility that the calculated dimensions 
won't work as expected. Other length versions are also 
possible. 

Any of the presented designs can be used in the 
OSCAR, ATV, and fm portions of the band. For use 
in the satellite portion of the band, a 1 /16-inch short¬ 
ening of the elements is desirable, but not really neces¬ 
sary. For use on ATV, shorten all elements by 1 /4 inch 
(6.4 mm). The Yagi will still be usable at 432 MHz, but 
will have about 0.2 dB lower forward gain. To use the 
Yagis in the fm portion of the band, shorten all ele¬ 
ments by 7/16 inch. If the Yagis are to be mounted 
vertically polarized, they should be used in pairs with 
a boom support placed in the middle of the pair of 
Yagis (fig. 18). The driven element T match will have 
to be readjusted for best VSWR if the elements are 
shortened. 

stacking considerations 

Optimum stacking distances for the best array gain 
versus array temperature have been worked out for 
the antennas. The 24-element, 17~foot (5.3-meter) 
Yagi should be spaced 70 inches (1.78 meters) in the 
E plane (horizontal) and 66 inches (1.68 meters) in the 
H plane (vertical). The 32-element, 24-foot (7.3-meter) 
version 2 antenna works best with 81-inch (2.06-meter) 
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E plane and 75-inch (1.91 -meter! H plane spacing. 
These relatively wide spacings also confirm both the 
high gain and pattern cleanliness of the new Yagis. 
Calculated optimum spacings for the 32-element ver¬ 
sion 3 Yagis are 82-inch (2.08-meter) E plane by 
77-inch (1.95-meter! H plane. For the 38-element Yagi, 
the calculated stacking distances are 88-inch 
(2.25-meter) E plane by 83-inch (2.11-meter) H plane. 
At these spacings, both E and H plane stacking gains 
will be close to 2.9 dB (negating phasing line losses 
and mechanical errors.) 

when modification is worthwhile 

Before you decide to tear down and modify your 
existing 424B's, you should carefully consider the 
results. A casual tropo operator using a single Yagi 
may be hard pressed to tell any forward gain differ¬ 
ence between the stock and modified 24-element Yagi. 
The only noticeable differences will be in the pattern 
(signals off the main lobe will be weaker) and the better 
wet weather performance. Certainly most Amateurs 
aren't capable of detecting 0.5-dB gain variations. For 
an EME operator using eight or 16 Yagis, changing 
to even the modified 24-element version wil) result in 
significant improvement. On EME receive, it's expect¬ 
ed that an eight-Yagi array will have about a 3-dB 


Table 4. Dimensions for a 38-element Yagi (not tested). 


Spacing 

Length 

Boom (inches) 


1.000. 

13.6875 

1 

REF 

5.250, 

12.9375 

1 

DE 

7 875, 

12.7500 

1 

D1 

11.563, 

12.3750 

1 

D2 

16.813, 

12.3750 

1 

D3 

23.563, 

12.2500 

1 

D4 

31.875, 

12.0625 

1 

D5 

42.725, 

11.8750 

1 

D6 

52.375, 

11.7500 

1 

D7 

62.625, 

11.5625 

1 

D8 

72.875, 

11.4063 

1 1/8 

D9 

83.125, 

11.4063 

1 1/8 

D10 

93.375, 

11.4063 

1 1/8 

Dll 

103.625, 

11.3438 

1 1/8 

D12 

113.875, 

11.2813 

1 1/8 

D13 

124.125, 

11.0938 

1 1/8 

D14 

134.375, 

11.0938 

1 1/8 

D15 

144.625, 

11.0625 

1 1/4 

D16 

154.875, 

11.0625 

1 1/4 

D17 

165.125, 

11.0625 

1 1/4 

D18 

175.375, 

11.0000 

1 1/4 

D19 

185.625, 

11.0000 

1 1/4 

D20 

195.875, 

11.0000 

1 1/4 

D21 

206.125, 

10.9375 

1 1/4 

D22 

216.375, 

10.9063 

1 1/8 

D23 

226.625, 

10.9063 

1 1/8 

D24 

236.875, 

10.8438 

1 1/8 

D25 

247.125, 

10.8438 

1 1/8 

D26 

257.375, 

10.8438 

1 1/8 

D27 

267.625, 

10.8438 

1 1/8 

D28 

277.875, 

10.7813 

1 1/8 

D29 

288.125, 

10.7500 

1 

D30 

298.375, 

10.7500 

1 

D31 

308.625, 

10.6875 

1 

D32 

318.875, 

10.6875 

1 

D33 

329.125, 

10.6875 

1 

D34 

339.375, 

10.6250 

1 

D35 

349.625, 

10.6250 

1 

D36 
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signal-to-noise improvement with the modified 24- 
element Yagis. This improvement is attributable to the 
following: +0.5 dB individual Yagi gain advantage; 
+ 1.0 dB higher array gain from wider optimum G/T 
spacings; +0.5 to 1.5 dB S/N due to lower array tem¬ 
perature from the cleaner array pattern. 

On transmit, the gain advantage will be 1.5 dB be¬ 
cause only the higher Yagi gain and wider spacings 
in the array contribute to the improvement. The signal- 
to-noise improvement is highly dependent upon the 
total receive system noise temperature. This is a com¬ 
bination of both the system noise figure and total 
phasing line loss. The actual S/N improvement could 
be from 0.5 dB to over 1.5 dB, depending upon the 
loss in the phasing lines and how low a noise figure 
the preamp has. 

importance of clean patterns 

In order to understand why a clean pattern on the 
individual Yagis is important, a computed H plane 
array pattern for two stock 424B's spaced at 52 inches 
is given in fig. 19. For comparison, the pattern for two 
of the modified 24-element Yagis, spaced 66 inches 
in the H plane, is given in fig. 20. Note that even at 
the significantly wider spacing, the array pattern of 


































the modified Yagis is significantly cleaner than the 
original. At 432 MHz there is approximately a 15-dB 
difference between cold sky noise and Earth noise. 
Total Earth noise pickup will be a sum total of all side- 
lobes pointing into the Earth. This large difference in 
noise is why clean patterns are so important on 432- 
MHz EME arrays. 

Although not an even comparison, it's informative 
to relate the experience of NCI I fex-WAIRWU.) Frank 
had an array of 16 stock 424B's for 432-MHz EME. The 
array was rebuilt using 16 of the extended modified 
Yagis (32-element, 24-foot version). The results of the 
array rebuild are nothing short of spectacular. The re¬ 
ceive improvement is far greater than the 1.8 dB extra 
gain the 24-foot (7.3-meter) Yagi has over the stock 
17-foot (5.2-meter) antenna. Receive signals appear 
to be 5 to 6 dB above the old array, and echos are 
nearly 10 dB better. SSB speaker quality echos are 
frequently obtained with 100 watts output in the shack 
(approximately 80 watts at the array). Stations run¬ 
ning four medium-sized Yagis such as the RIW-19s or 
F9FT-21s and 500 watts are readily workable. 

A more even comparison is given by WA3FFC. 
Scott used an array of four stock 424B's on EME. 
Upon switching to the modified 24-element, same 


boomlength Yagis, his Sun noise increased by 1.5 dB. 
Cold sky areas became much easier to find. Copy of 
his own echos was never obtained with the stock 
Yagis. With the modified 24-element versions, his 
echos are now regularly copied. Random EME QSOs 
are now possible with the modified array. 

To further expound on how the state of four Yagi 
432-MHz EME has evolved, consider the results of a 
recent portable EME expedition to Vermont by NCII. 
Frank took four of the 32-element Yagis to Vermont 
in the middle of June. Because of higher ionospheric 
absorption, greater Faraday shifts, increased tropo 
scattering, and longer daylight hours, the summer 
months are usually the poorest for 432-MHz EME. In 
spite of these obstacles, NCI I worked 22 stations on 
a single weekend. More impressive is that all QSOs 
were random — no prearranged schedules were usedl 

conclusion 

With Yagi analysis software, the computer has suc¬ 
ceeded in moving Amateurs from the dark ages of Yagi 
design to the point at which a well-performing Yagi 
can be readily made from materials at hand. The suc¬ 
cessful use of any antenna analysis program requires 
that the antenna designer have a thorough under¬ 
standing of its capabilities and limitations. 

In this project, the total design time — from the first 
correct running of the analysis program to completion 
of the initial Yagis — was over 10 months of contin¬ 
uous work. This time included physical tuning of the 
Yagis. Further improvements made to create the ver¬ 
sion 3, 24-element Yagi and version 2, 32-element 
Yagis were done during a year's intermittent work on 
the antennas. While this amount of design time may 
represent a high initial investment for a manufacturer 
of Yagi antennas, the design knowledge gained would 
most likely allow a similarly complex Yagi to be per¬ 
fected in about one month. Continued enhancements 
of antenna design programs and more good Yagi 
designs will allow still further improvements in the 
quality of tomorrow's Yagis. 
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build a 1-1000 MHz amplifier 

using MAR-4 MMICs 


Simple device, 
many applications 


During the last few years the availability of surplus 
test equipment has made fairly sophisticated rf mea¬ 
surements possible for hams on small budgets. Many 
own rf signal generators with accurate output atten¬ 
uators that provide precise signal levels. Using the new 
microwave 1C amplifiers, it's easy to build a broadband 
utility amplifier to serve as a handy test aid for signal 
generators. 1 

Broadband amplifiers are widely used — and sold 
in many different models — to increase the accuracy 
and range of rf measurements. Typical uses include 
the following: 

• Boosting signal generator output for aligning a 
"numb" receiver or a badly misaligned bandpass filter. 

• Increasing isolation between signal generators in 
multi-generator setups (as in two-tone third-order in¬ 
termodulation tests). 

• Regaining lost power (when attenuators are used 
at the test interface to ensure a proper 50-ohm imped¬ 
ance match). 

• Increasing measurement range (to determine inser¬ 
tion loss of filters). 

Parts information and construction details are given 
for making a broadband utility amplifier that covers 
hf through UHF with 13 dB gain and +10 dBm out¬ 
put. Most parts are readily available, and construction 
takes only a few hours. 

design considerations 

The amplifier 1C was selected on the basis of gain 
and output power required. I needed at least +10 dBm 
output because this is the maximum power indicated 
by my thermistor-mount power meter. Because the 
signal generator output sometimes drops to 0 dBm, 
10-dB gain was required. Designed around the Mini- 



Circuits Lab MAR-4, the amplifier and power supply 
are shown in fig. I. 2 

Specifications of the MAR-4s are shown in table 1. 
Since the amplifiers have 50-ohm input/output im¬ 
pedances and are guaranteed to be stable regardless 
of load, the only design effort is selecting a power 
supply dropping resistor. I decided to sacrifice gain for 
simplicity and not use a series rf choke, making the 
resistance as large as possible. The power supply 
current is a substantial 50 mA, so power dissipation 
is a consideration. The 180-ohm resistance was select¬ 
ed as a maximum convenient value within the restric- 



Photo A. Self contained MMIC amplifier and power supply, 
with mini-box cover removed. 


By Cliff Klinert, WB6BIH,, 1126 Division Street, 
National City, California 92050 
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MAH-4 4 



inches) 

270-235 chassis box (2-3/4 x 2-7/8 X 7-5/8 
inches) 

273-1366 transformer 24 VAC 450 mA 

276-1103 diodes 1N4004 

«► 

fig. 1. Complete broadband amplifier including power supply. The 0,01 and 0.1-^F capacitors are disc ceramic and the resistors 
1/2-watt carbon composition. 


Table 1. Specifications of Mini-Circuits Labs MAR-4 
MMICs. 


frequency 

gain 

flatness 

output (+1 dB compression) 
input (no damage) 
noise figure 
VSWR (in) 

VSWR (out) 
dc power 
price 


dc to 1000 MHz 
7 dB (minimum) 

± 0.5 dB 
HI dBm 

•I-15 dBm (maximum) 

7 dB typical 
1.9:1 
2.0:1 

5 volts at 50 mA 
$1.90 (minimum quantity 
25) 

___i 



tion of 1/2-watt dissipation. A 7815 regulator provides 
a convenient 15-volt source for the 10-volt drop. 

My surplus thermistor-mount power meter goes 
down to almost — 30 dBm. Notice the use of the word 
"almost" here; it indicates the difficulty in making 
measurements below - 30 dBm because of thermal 
drift. Increasing the top end from 0 dBm to +10 dBm 
by adding this amplifier provides a 10-dB increase in 
total range, which represents significant improvement. 

building the amplifier 

The main objective of this project was to use fast, 
easy construction techniques with readily available 
parts. The components were soldered together on an 
unetched printed circuit board, with component leads 
cut as short as possible. Small 0.01 -/iF disc ceramic 
capacitors were used for coupling. Photo A shows 
the amplifier mounted in a small chassis box, which 
is mounted on a larger box housing a power supply. 


Photo B, Bottom view of the power supply components and 
wiring. The large tubular item in the middle is the 3300-/iF 
capacitor. 


A circuit board is used as a ground plane and is 
fastened with small brackets. This type of construc¬ 
tion avoids etched stripline circuit boards and chip 
components typical of microwave construction. 3 
Photo B is an underside view of the power supply 
components and wiring. The large cylindrical item in 
the middle is the 3300-/iF capacitor. Be careful when 
soldering the MMIG leads; they break easily. 

Because this amplifier is a test accessory, it will be 
handled frequently, and you may find that screws and 
other parts loosen easily. Make sure that the connec¬ 
tors used for J1 and J2 are fastened securely; adding 
a drop of paint or glue to the mounting hardware will 
help prevent loosening. The feedthrough capacitor 
shown in fig. 1 was a junkbox item which conveniently 
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CRYSTAL 

PRODUCTS 
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'< v . u 
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9 MH2 crystal filters 


MODEL 

Appli¬ 

cation 

Band¬ 

width 

Poles 

Price 

XF-9A 

SSB 

2.4 kHz 

5 

$61.00 

XF-9B 

SSB 

2.4 kHz 

8 

83,00 

XF-9B-01 

LSB 

2.4 kHz 

8 

110.00 

XF-9B02 

USB 

2.4 kHz 

8 

110,00 

XF-9B-10 

SSB 

2.4 kHz 

10 

145.00 

XF9C 

AM 

3.75 kHz 

8 

89.00 

XF-9D 

AM 

5.0 kHz 

8 

89.00 

XF-9E 

FM 

12.0 kHz 

8 

89.00 

XF-9M 

CW 

500 Hz 

4 

62.00 

XF-9NB 

cw 

500 Hz 

8 

127.00 

XF-9P 

CW 

250 Hz 

8 

175.00 

XF-910 

IF noise 

15 kHz 

2 

21.00 


10.7 MHz crystal filters 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Invited. Shipping: S3.75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands. 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 


MMk 

1691-137 

270.00 

MMl 

1296144G 

370.00 

MMk 

1296-144G 

190.00 

MMx 

1268-144 

290.00 

MMc 

439-ATV 

99.00 

MMt 

432-28(S) 

280.00 

MMc 

432-28{s) 

144-28{HP) 

70.00 

MMl 

144-28{R) 

400.00 

MMc 

73.00 

MMt 

144-26 

200.00 

MMC 

144-28 

60.00 

MMt 

435-28{Sj 

300.00 


LINEAR POWER AMPLIFIERS 


2M 



70cm 



MML 

144-30-LS 

145.00 

MML 

432-30-L 

245.00 

MML 

144-50-S 

160,00 

MML 

432-50 

220.00 

MML 

144-100-S 

225.00 

MML 

432'100 

^ 450.00 

MML 

144-100 LS 

250.00 


^ \ 


MML 

144'200-S 

500,00 





ANTENNAS (g) 

2M 

10XY-2M $8000 

70cm: 

70/MBM28 $5000 

70/MBM48 70.00 

70/MBM88 115.00 

DY20-900 MHz 80.00 


^ 165 


LOOP YAGIS 

1266-LY 55 00 

1296-LY 55.00 

1691-LY 65,00 

order loop yagt connoclor extra 


Send 66? (3 stamps) lot lull details ot all our VHF 6 UHF equipments and KVG crystal 
products. 

Shipping: FOB Concord. M3ss. 


E 


:<617) 263-2145 


M 


if:? SPECTRUM 


pRNATKlNALi INC. 

pest Office Box 1084 
gpfMA 01742, U.S.A. 


BASEBALL CAP 

How about an attractive BASEBALL style cap 
that has name and call on it. U gives a 
jaunty air when worn at Hamlesls and it is 
a great help for friends who have never 
met to spot names and calls for easy 
recognition. Great tor birthdays, anmver- 
saries^special days. whatever occasion A 
Hals come in the following colors: ^ 

GOLD, BLUE, RED. KELLY GREEN M 

Please send call and name 
(maximum 6 letters per line). ^ 

1 iUFBC-81 $6.00 


*J«SRF 

®Ofl 


WA2SRF 


ham.- 

muo=^ 

BOOKSTORE 

Greenville, NH 
03048 

Please add $3.50 
lor shipping 
and handling 


I D. BADGES 

No ham should be wilhout an 1.0 badge 
It’s jusl the ihing for club meelings. 
conventions, and get-togethers, and you have a 
wide choice ol colors Have your name and call en 
graved in either standard or script type on 
one of these plastic laminated l.u. badges. 
Available in the following color combinations 
(badge/lettering): white/red, wood- 
grain/while. blue/white, white/black. 
yellow/blue, red/white, green/white, metallic 
gotd/bfack, metallic silver/black 
iUIO Engraved 1.0 Badge $2.50 


Table 2. Measured test results. 


frequency (MHz) 

amplifier input power 
(dBm) 

1 


+ 1.0 

3 


”2.0 

5 


-2.6 

10 


-3.0 

25 


- 3.0 

50 


-3,0 

75 


-3.0 

100 


-3.0 

150 


-2.9 

200 


-3.0 

300 


”2.8 

400 


-2.0 

450 


1.8 


helps secure the small box to the larger one. It could 
be replaced with a disc ceramic. 

Though a fairly well-stocked junkbox should include 
most parts. I've provided Radio Shack part numbers 
to simplify component acquisition (see fig. 1). To ob¬ 
tain the MMIC's, contact Mini-Circuits 2 and ask for the 
Mini-Circuits distributor nearest you. The distributor 
may or may not be able to fill a small order. Because 
there's no distributor nearby, I bought the DAK-1 
Designer's Amplifier Kit of 30 assorted amplifiers for 
$49.99 (plus shipping) directly from Mini-Circuits; this 
price is slightly less than the quantity price of the in¬ 
dividual ICs. The kit solves the problem of providing 
prototype samples for design engineers; perhaps some 
of the mail-order suppliers that cater to hobbyists will 
soon stock these new ICs. 

measured results 

The amplifier was connected between a signal 
generator and thermistor power meter using short 
RG-58 BNC cables to test gain and frequency re¬ 
sponse. The data shown in table 2 was measured with 
the amplifier output power set to + 10 dBm at each 
frequency. 

The low frequency gain starts to roll off at 1 MHz 
because of the three 0.01-/zF coupling capacitors. The 
small reduction in gain at 450 MHz may have been 
caused by the type of construction used and losses 
in the cables. I was delighted to find the amplifier 
stable and free from oscillation, with nearly constant 
gain over the frequency range of interest. 

references 

1. Joe Reiseri, W1JR, ”VHF/UHF World,” hum radio. November 1986, page 
91. 

2. RF/IF Signal Processing Guide 1986-87, Iree catalog available from Mini- 
Circuiis. P.O. Box 166, Brooklyn, New York 11235. 

3. Jerry Hinshaw, N6JH, "Monolithic RF Amplitiers," ham radio, March 1986, 
page 23. 
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operating a 

VHF/UHF/microwave 

station 

Just as in hf operation, good 
operating practices make VHF, UHF, 
and microwave operation a pleasure 
not only for you but for other Ama¬ 
teurs as well. These practices enhance 
your chances of experiencing some of 
the more exotic propagation modes 
and operating techniques. Since some 
Amateurs may be hesitant about en¬ 
tering the VHF territory, I'll devote this 
month's column to those practices, in 
hope that the information presented 
will ease their transition to the world 
above 10 meters and help increase the 
enjoyment for those already operating 
there. 

frequency plans 

Each Amateur band above 50 MHz 
covers a wider frequency spectrum 
than all the present hf bands com¬ 
bined! Furthermore, on VHF and 
above there are more types of trans¬ 
mission emissions than you'll find on 
the typical hf bands: CW, SSB, pack¬ 
et, a-m, RTTY, and slow-scan ATV. 
While the FCC has placed limits on 
types of emissions within each of these 
bands, the only real restrictions above 
50 MHz are between 50.0 and 50.1 and 
144.0 to 144.1 MHz, which are allocat¬ 
ed exclusively for CW operation. 
Reference 1 lists all the Amateur fre¬ 
quency allocations above 50 MHz; 
reference 2 shows the microwave/ 
millimeter-wave bands after the FCC 


update of March 1, 1986. Reference 3 
lists the modes permitted on all 
Amateur bands. 

After World War II, North American 
VHFers established gentlemen's agree¬ 
ments or frequency (usage) plans. This 
worked fine while the VHF bands wer¬ 
en't too populated, but started to 
break down in the 1970s as activity in¬ 
creased and the number of different 
emissions and repeaters in operation 
increased. Let's face it; weak-signal 
operation using CW or SSB is virtual¬ 
ly impossible alongside an fm repeat¬ 
er radiating reasonable ERP (effective 
radiated power) from a mountaintop 
location! 

In 1978, therefore, North American 
"band plans" were drawn up by the 
ARRL VHF/UHF Advisory Committee 
(VUAC) in accordance with the wish¬ 
es of many users from various interest 
groups. I was the chairman of that 
committee when these plans were for¬ 
mulated. It wasn't an easy job to satis¬ 
fy everyone. All inputs had to be 
integrated so that the overall band plan 
would be fair and equitable for the 
majority rather than the minority. At 
the same time, band plans had to al¬ 
low some room for specialized com¬ 
munications such as EME and 
OSCAR. Finally, they had to have 
some flexibility for future operating 
trends. Believe me, there were some 
tense moments. 

The first band plans that emerged 
were for the 2-meter, 135-cm (220-225 
MHz), 70-cm (420-450 MHz), and 


23-cm (then 1215-1300, now 1240-1300 
MHz) bands. Still more or less as origi¬ 
nally formulated, these band plans also 
established the primary "calling fre¬ 
quencies" (to be discussed shortly) 
that are now in use. Several years later 
band plans were formulated for the 
6-meter and 33-cm (902-928 MHz) 
bands. These band plans are fairly 
comprehensive and also list recom¬ 
mended fm repeater pairs. 4 

Most important for weak-signal 
work is the recommended calling fre¬ 
quency on each band. When the 
Amateur population density is low, 
there's a need for a specific frequen¬ 
cy to monitor for unexpected openings 
or to serve as a place for meeting new 
friends or greeting new arrivals on the 
band. Tuning or scanning the whole 
band isn't only time consuming; it can 
often result in missing stations who call 
a quick CQ, hear no takers, and move 
on. 

Furthermore, with the lower power 
and narrower antenna beamwidth that 
are typical of the VHF and above fre¬ 
quencies, it's sometimes difficult to 
hear someone, even on the calling fre¬ 
quency. The modern antennas are 
sporting pretty clean radiation pat¬ 
terns, so don't forget to change your 
antenna beam heading occasionally. 
I'm sure that those who use the 
present calling frequencies will agree 
that this is a much more productive ap¬ 
proach to locating other stations and 
band openings than the methods used 
in "the good old days." 
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Table 1. Recommended North American calling frequencies. 


Band 

Calling Frequency 

Notes 

6 m 

50.110 

DX 


50.200 

National 

2 m 

144.100 

CW 


144.200 

SSB 

135 cm 

220.100 


70 cm 

432.100 


33 cm 

903.100 


23 cm 

1296.100 


13 cm 

2304.100 



Table 1 shows the recommended 
calling frequencies where applicable. 
A few suggestions are in order. Once 
contact is established on the calling 
frequency, it's common courtesy to 
QSY up or down at least 10 kHz in ord¬ 
er not to QRM the calling frequency 
and to make it available for others to 
use. Always remember that many peo¬ 
ple may be monitoring or want to use 
the calling frequency whether the band 
is open or not, so don't tie it up need¬ 
lessly! 

However, if no one transmits, how 
do you know the band is open? Never 
use the calling frequency as a tune-up 
frequency. Find another frequency 
where you won't cause interference or 
blow the head off somebody who's 
monitoring the calling frequency. 
However, put out a call or CQ occa¬ 
sionally. You may be pleasantly sur¬ 
prised by a response. 

HF versus VHF Dxing 

If there's one major difference be¬ 
tween operating on the hf and VHF 
bands, it's most easily summed up in 
the term "DX." Generally speaking, 
the communication distances on the 
VHF bands aren't those that many of 
us work on hf. As a result, VHFers 
have a different notion as to what con¬ 
stitutes DX. Wprking Europe, Africa, 
or Asia on 20 meters may be routine 
for an hf DXer; but for a VHFer, work¬ 
ing over 250 miles on 2 meters may in¬ 
volve a greater degree of difficulty. 

Consequently, VHF and UHFers 


need a different yardstick by which 
their accomplishments can be meas¬ 
ured. For many years, while DXers on 
hf were busy contacting new DXCC 
countries, VHF and UHFers in North 
America were chasing new ARRL sec¬ 
tions, states, or counties. Probably the 
most popular award was the WAS 
(Worked All States). However, 
without EME, a WAS award is virtu¬ 
ally impossible on 2 meters and above. 
What do you do when you've worked 
all states that are available using all the 
normal propagation modes? 

European VHFers have an advan¬ 
tage over North Americans: in Europe, 
an area slightly smaller than the size of 
the continental United States, there 
are more DXCC countries than there 
are states in the United States. 
However, Europeans still weren't sati- 
fied and in the early 1960s devised a 
system called "QTH Locator" or "lo¬ 
cator" for short. 

Europe was essentially subdivided 
into latitude/longitude blocks, each 2 
degrees in longitude by 1 degree in lati¬ 
tude. At mid-latitudes this locator sys¬ 
tem yielded a square measuring about 
70 by 60 miles. Each square was given 
a two-letter designation between AA 
and ZZ. For more accuracy, each 
square was further subdivided to pin¬ 
point the location down to a few miles. 
A typical European locator, then, had 
five characters such as FR30c for 
SK6AB or TH69c for UW6MA, Unfor¬ 
tunately, the European locator system 
couldn't be used elsewhere without 
ambiguities or duplication. Hence, 


when out-of-continent DX modes such 
as EME became popular, a different 
locator scheme was needed. 

The search for a worldwide locator 
system was long and arduous. Sever¬ 
al systems were proposed. The ARRL 
finally adopted the "Maidenhead" lo¬ 
cator system, a scheme named after 
the town in England where a commit¬ 
tee finally agreed upon a worldwide 
system without ambiguities. 5 

This locator system divides the Earth 
into 324 different "fields," each 20 
degrees in longitude by 10 degrees in 
latitude. The system reference begins 
at the South Pole on the 180th parallel. 
Each field is given a two-letter desig¬ 
nation between AA and RR. Each field 
is further subdivided into 100 
different sections, numbered 00 thru 
99, usually referred to in North Ameri¬ 
can as "grid squares." 

Figure 1 shows the ARRL grid 
square map covering the continental 
United States and lower Canada. If 
you live in this region and know your 
latitude and longitude (a must for all 
VHFers) you can quickly determine 
your four-character grid square using 
the map in fig. 1. Maps similar to this 
one are now widely available from var¬ 
ious VHF equipment suppliers. If you 
don't know your grid square, just ask 
local VHFers. They'll be glad to assist. 

However, note that a four-character 
locator has an accuracy of only ap¬ 
proximately 50 to 75 miles. If greater 
accuracy — such as that offered by 
the European five-character scheme — 
is necessary, more information is re¬ 
quired. In the Maidenhead system, 
two additional characters are used. In¬ 
formation on how to determine your 
six-character grid square may be found 
in tables listed in reference 5. 

For example, my home is located at 
North latitude 42 degrees, 34 minutes, 
58 seconds, and West longitude 71 
degrees, 22 minutes, 35 seconds. 
Therefore the six-character grid square 
is FN42HN. When even greater ac¬ 
curacy is needed — on the microwave 
frequencies, for example — an eight- 
character system can be used by ad¬ 
ding two more characters to pinpoint 
the exact location. 
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This A R RT Grid Locator map is 
based on the worldwide “Maiden¬ 
head” system. The first two charac¬ 
ters (letters) constitute the 20° X 10° 
field. This is followed by two num¬ 
bers designating the 2° X 1° square. 
To indicate location more precisely, 
5th and 6th characters (letters) are 
used to indicate the 5' X 2.5' sub¬ 
square . More information on grid 
locations and the ARRL VHF/ UHF 
Century Club Awards (based on 
contacting 100 grid squares) can be 
obtained from the Headquarters of 
the American Radio Relay League, 
225 Main Street, Newington, CT 
06111, U.S.A. 


Field boundary 
Square boundary 
International boundary 
State and Provincial 
boundary 


Kilometers 100 


Miles 50 0 


fig. 1. This isa copy oftheofficialARRLVUCCgrid locator mapfor North America. An 18x12-inchcopy is available from the ARRLfor$1.00. 
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Table 2. Number of grid squares required for ARRL VUCC award. 


Frequency 

Grids Required 

Endorsement increments 


50 MHz 

100 

25 


144 MHz 

100 

25 


220 MHz 

50 

10 


432 MHz 

50 

10 


902 MHz 

25 

5 


1296 MHz 

25 

5 


2.3 GHz 

10 

5 


3.4 GHz 

5 

5 


5.7 GHz 

5 

5 


10 GHz 

5 

5 


24 GHz 

5 

5 


47 GHz 

5 

5 



Many home computer programs are 
now available for determining the six- 
character grid square for any point on 
Earth if the latitude and longitude are 
known. Conversely, there are now 
computer programs that will break out 
the longitude and latitude from a six- 
character grid square. Some of the 
programs will even determine the dis¬ 
tance and bearing between two sta¬ 
tions if the grid squares are known. 

It's now common practice on 6 
meters and above to exchange your 
four-digit locator or grid square when 
establishing initial contact with a new 
station. In fact, the use of grid squares 
has become so widespread in North 
America that one often has to ask the 
other station in which state they're 
located! 

VHF/UHF/microwave 

awards 

As previously mentioned, the WAS 
award is still very popular in North 
America on the VHF frequencies. 
WAS has been obtained by several 
hundred Amateurs on 6 meters using 
ionospheric propagation. WAS has 
been attained on 2 meters by almost 
100 Amateurs, but EME was needed 
because the distance necessary to 
work all states exceeds the normal 
propagation modes even for those lo¬ 
cated in the central part of the United 
States. Likewise, about ten WAS 
awards have been attained on 135 and 
70 cm using all available normal propa¬ 
gation modes and EME. 

The WAC (Worked All Continents) 
award is also available on VHF. Many 
6-meter WACs have been issued, es¬ 
pecially after the F2 propagation 
peaked a few years ago. WAC has also 
been accomplished by several dozen 
stations on 2 meters and 70 cm, but 
EME was required. Several stations are 
now waiting for the arrival of a South 
American Amateur on 23-cm EME to 
complete WAC on that band. 

In 1981 the Central States VHF So¬ 
ciety started an awards program using 
squares similar to those used in Eu¬ 
rope. This scheme was eventually 
adopted by the ARRL; on January 1, 
1983, they launched a new VHF 


awards program called the VUCC 
(VHF/UHF Century Club). 5 Based on 
the Maidenhead QTH locator system, 
it's the DXCC of the VHF world. 

Each VHF band through 47 GHz 
now has its own separate VUCC 
award. Only confirmed contacts made 
on or after January 1, 1983 qualify. 
The minimum number of confirmed 
grid squares varies for each band, with 
the minimum established according to 
the degree of difficulty involved. Six 
and 2 meters require at least 100 grids, 
while 135 and 70 cm each require 50 
grids. Stickers are available for specific 
levels above the minimum re¬ 
quirements. 

Table 2 has been prepared to show 
the minimum number of grid squares 
required on each of the designated 
bands as well as the endorsement 
sticker requirements. Unlike the 
DXCC, for which several of us have al¬ 
ready confirmed all 317 presently 
designated countries, the VUCC 
Award has 32,400 grid squares availa¬ 
ble for each of the bands shown in 
table 2. That should keep most 
VHFers busy for the forseeable future! 

Think of the excitement you could 
have with a North or South Pole ex¬ 
pedition, where you could put out 18 
different squares just by moving your 
station a few feet for each square. Bet¬ 
ter yet, sit right over the Pole and put 
out all 18 polar squares simultaneous¬ 
ly! What say, KC4AAA? 

For those interested in the world¬ 
wide grid squares, Folke Rosvall, 
SM5AGM, has published a World At¬ 


las showing all 32,400 grids superim¬ 
posed on maps of the world along with 
principal cities and geographic bound¬ 
aries. 6 I find this atlas indispensible for 
serious grid square work. 

DX records 

Ironically, the most prestigious ac¬ 
complishments on VHF have no 
awards! The ultimate claim is to be one 
of the few who can document the best 
DX on a particular VHF frequency 
band. For many years this was done 
on a worldwide basis and hence the 
chance to claim a record was slim un¬ 
less you lived near one of the strateg¬ 
ic locations favored by one of the 
exotic propagation modes. 

Therefore, in the July, 1985 column 
I introduced a North American-only 
DX record list. 1 This gave North Ameri¬ 
can Amateurs a means of comparing 
their accomplishments more equitably 
with their peers. Furthermore, I added 
a twist by listing the records accord¬ 
ing to the suspected mode of propa¬ 
gation. This not only created many 
more mountains to climb, but also dis¬ 
tributed the records according to the 
most favorable propagation in differ¬ 
ent regions of North America. Judg¬ 
ing from all the calls and letters, this 
listing has generated substantial en¬ 
thusiasm for new record challenges. 

Occasionally I hear second-hand 
claims that individuals have or know of 
longer records, but are either unable 
or unwilling to produce the necessary 
material to document their case. 
Claims come cheap, so I disregard 
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Table 3. North American VHF and above claimed DX records (revised March 18, 1987). 


Frequency 

50 MHz 

Record Holders 

Note 3 

Date 

Mode 

Miles 

(km) 

144 MH2 

Aurora 

KA1ZE (FN31TU)-WB0DRL (EM18CT) 

86-02 08 

cw 

1347 

(2167) 

Ducting 

KH6GRU (BL01XH)-WA6JRA (DM13BT) 

73 07 29 

cw 

2586 

(4161) 

EME 

VE1UT (FN63XV)~VK5MC (QF02EJ) 

84-04-07 

cw 

10,985 

(17676) 

Sporadic E 

W4EQR <EM60IM)-W7HAH (DN28NB) 

81-07-09 

ssb 

1891 

(3043) 

FAI 

W5HUQ/4 (EM90GO-W5UN {DM82WAJ 

83-07-25 

cw 

1229 

(1977) 

MS 

K5UR (EM35WA)-KP4EKG (FK68VG) 

85-12 13 

ssb 

1960 

(3153) 

TE 

KP4EOR (FK78AJKU5DJZ (GM04RO) 

78-02 12 

ssb 

3933 

(6328) 

Tropo 

K1RJH (FN31XI) K5WXZ (EM12QW) 

68-10 08 

cw 

1465 

(2358) 

220 MHz 

Aurora 

W3IY/4 (FM19HA)-WB5LUA (EM13QC) 

82-07-14 

cw 

1145 

(1842) 

Ducting 

KH6UK (BL11 AQ)-W6NLZ (DM03TS) 

59-06-22 

cw 

2539 

(4086) 

EME 

K1WHS (FM43MKI-KH6BFZ (BL11CJ) 

83-11-17 

cw 

5058 

(8139) 

MS 

K1WHS (FM43MK)-K0ALL (EN16NX) 

85-08-12 

ssb 

1279 

(2057) 

TE 

KP4EOR <FK78AJ)-LU7DJZ (GM04RO) 

83-03 09 

cw/ssb 

3670 

(5906) 

Tropo 

VE3EMS {EN86QJ1-WB5LUA (EM13QC) 

82 09 28 

ssb 

1181 

(1901) 

432 MHz 

Aurora 

W3IP (FM19PD)-WB5LUA (EM13QC) 

86-02-08 

cw 

1182 

(1901) 

Ducting 

KD6R (DM13ND-KH6IAA/P (BK29GO) 

80-07-28 

cw 

2550 

(4103) 

EME 

K2UYH (FN20OF)-VK6ZT (OF78VB) 

83-01-29 

cw 

11,567 

(18612) 

MS 

W2AZL (FN20VD-W0LER (EN35IE) 

72-08 12 

cw 

1020 

(1641) 

T ropo 

WB3CZG (FN21 AX)-WA5VJB (EM12LQ) 

86-11 29 

ssb 

1318 

(2121) 

903 MHz 

Tropo 

W2PGC (FN02OR)-K3S)W/9 (EN52WA) 

86-12-24 

ssb 

478 

(769) 

1296 MHz 

Ducting 

KH6HME (BG29GO)-WB6NMT (DM12KU) 

86-08-13 

ssb 

2528 

(4068) 

EME 

K2UYH (FN20QG)-VK5MC (QF02EJ) 

81-12-06 

cw 

10,562 

(16995) 

Tropo 

WB3CZG (FN21 AW)-K05R0 (EM13PA) 

86-11-29 

cw 

1287 

(2070) 

2304 MHz 

EME 

PA0SSB(JO11WIJ-W6YFK (CM87WI) 

81-04-05 

cw 

5492 

(8837) 

Tropo 

KD5RO <EM13PA)-W8Y10 (EN82BE) 

86-11-29 

cw 

940 

(1531) 

3456 MHz 

Tropo 

WA5TNY/5 (EM11AU) WB5LUA/5 (EM24UQ) 

86-10-19 

cw 

288 

(464) 

5760 MHz 

Tropo 

K5PJR {EM260P)-WA5CI W/ 5 (EM04HX) 

86-11-22 

cw/ssb 

285 

(459) 

10.368 GHz 

Tropo 

WA4GHK/4 (EL97SV)~WD4NGG (EM92PE) 

84-08-07 

FM 

297 

(478) 

24.192 GHz 

LOS 

WA3RMX/7 (CN93IQ)-WB7UNU/7 (CN95DH) 

86-08-23 

ssb 

115.5 

(186) 

47.040 GHz 

LOS 

WA3RMX/K7RUN (CN850D-WB7UNU/W7TYR/ 

W7ADV (CN85PL) 

87-03-07 

ssb 

5.42 

(8.72) 

76 149 GHz 


None reported 





474 THz 

LOS 

K6MEP (DM04IO) WA6EJO (DM04KT) 

79 06 09 

Laser 

15 

(24) 


Notes: 

1. The records are listed alphabetically by mode. Ducting is suspected when the path is mostly over water. No efforts are made 
to separate out ducting on overland paths, so they're grouped under tropo. 

2. The information within the brackets is the grid square locator. 

3. Six-meter records were omitted since the primary mode is often hard to distinguish. Also, long-path QSOs exceeding 12,433 miles 
{20,004 km) were reported during solar cycles 19 and 21. 
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them unless the proof can be obtained. 
All record claims must be two-way 
contacts on recognized Amateur 
bands using legal power. 

Since the last North American 
claimed records list was published in 
January, 1987, there have been many 
changes; the pace quickens to in¬ 
crease records even if only by a few 
more miles. 7 Table 3 shows the latest 
VHF and above record claims. I've also 
added a further refinement by listing 
(to the best of the information 
received) the six-character grid square 
location on each end of the record. 

Again, 1 offer a challenge. If you 
think you've bettered one of the 
records shown, send me a note with 
some pertinent information on the 
claim and I'll return a record claim 
sheet for verification. Fair enough? 

QSLing 

Yes, QSLs are required for most 
awards, even on the VHF frequencies. 
QSLs can be revered; unfortunately, 
they're worthless if improperly 
documented. Show pride — not only 
in your QSL, but in paying attention 
to the details on the QSL. Always in¬ 
clude the following minimum informa¬ 
tion on your QSL cards: your call sign, 
the other station's call, your QTH and 
grid square, the date and time of your 
QSO, plus your frequency and emis¬ 
sion type. The following additional in¬ 
formation is also recommended: the 
propagation mode, a signal report (try 
to note this in your log even though 
it may not be used at the time — dur¬ 
ing contests, for example); your six- 
character grid square or exact latitude 
and longitude, a description of your 
equipment, some comment on the 
weather, and any other pertinent infor¬ 
mation. The latter information could 
immensely assist others who are try¬ 
ing to evaluate propagation or station 
performance. 

Always use UTC time and date. 
There's a special problem on 6 meters 
in North America, since over half the 
sporadic E openings occur in the early 
evenings between 2200 and 0300 UTC, 
during which the date changes! 
There's nothing more frustrating than 


trying to verify a QSO in your log when 
there are 50 to 100 QSOs (or more dur¬ 
ing contests), all on the same date, 
and you get a QSL from another time 
zone. UTC is universal . If UTC is a 
problem to figure, buy an inexpensive 
clock just for logging and set it on 
UTC, as given by radio station WWV. 
Note the UTC date; it's just as impor¬ 
tant as the UTC time! 

Finally, be careful when dating 
QSLs so there's no ambiguity about 
the month and day. Many years ago 
dates were customarily given as 
month-day-year (for example, 
6/12/87); slowly the trend has 
changed to day-month-year (that is, 
16/6/87). Now there seems to be a 
feeling internationally that this is con¬ 
fusing. 

The newest date system suggested 
by the IARU (and by many govern¬ 
ments) is to indicate dates by stating 
the most important parameter, name¬ 
ly the year, first. The month and day 
follow (for example, 87/6/16). I now 
use this format in my log and had my 
latest QSLs printed this way. There's 
no longer any confusion about which 
part of the date is being numbered, es¬ 
pecially when exchanging QSLs inter¬ 
nationally. Don't you agree? 

I often receive QSLs sent as post¬ 
cards. Quite frankly, most of these ar¬ 
rive looking as if they'd been through 
a meat grinder and are often illegible, 
with postage stamps obscuring impor¬ 
tant information — such as the date! 

I strongly recommend that you show 
a little pride and always send QSLs in 
a protective envelope even though the 
cost will be higher. 

Please answer all QSLs received on 
the VHF bands. What may seem like 
an easy contact to you may have been 
like climbing a mountain for the other 
person. QSL as soon as possible after 
a contact; the longer you wait, the less 
chance of a return. We live in a mo¬ 
bile society. People move, lose in¬ 
terest, and often postpone answering 
QSLs, especially if a large batch 
arrives. 

Finally, don't forget the SASE. 
QSLing is no longer an inexpensive 
proposition. If you want a reasonable 


guarantee of a QSL in return, includ¬ 
ing an SASE is the least you can do. 
One exception is when both parties 
want a card and mutually agree ahead 
of time to dispense with the SASEs. 

what constitutes a QSO? 

Does this sound like a stupid ques¬ 
tion? 1 don't think so — not when it's 
applied to VHF and above. With the 
arrival of new operating techniques 
and the use of more exotic propaga¬ 
tion mechanisms, many QSOs are no 
longer straightforward and may require 
more than a few seconds to complete. 
It may be more a matter of minutes or 
even hours. 

Let me be more specific. I believe 
that the minimum requirements for a 
valid contact are a two-way exchange 
of both call signs, some type of infor¬ 
mation, and a confirmation that all this 
information was received. 

The call sign exchange should be 
obvious. If both call signs aren't heard 
by both stations, how can you be sure 
who you're communicating with — es¬ 
pecially if signals are weak? I totally 
deplore the often single-call contest 
type of contacts, presently so popular 
on hf and beginning to appear on VHF. 

When you call a station for the first 
time, send his or her call sign followed 
by your call sign. If several stations call 
simultaneously (such as in reply to a 
CQ), there may be confusion. It's often 
easier and quicker to sign both calls 
twice, once at the beginning and once 
at the end of the first information ex¬ 
change, rather than repeat them in 
QRM if two stations reply. 

The exchange of some specific in¬ 
formation may require some amplifica¬ 
tion. On hf and often on VHF, this is 
usually a signal report such as RS(T). 
Nowadays, it's popular on VHF and 
above to just exchange grid squares. 
There's nothing wrong with this. On 
EME and meteor scatter, the exchange 
is usually a letter or abbreviated report 
such as "S2" on meteor scatter. 
Again, there's nothing wrong with this 
as long as it's mutually understood by 
the two stations having the contact. 

The exchange of information 
shouldn't be sent until the call signs are 
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Table 4. Suggested activity nights and contest activity hours (see text). 


Band 

Activity Night 

Activity hours during contests 

6 meters 

Sunday 

6 AM/PM 

2 meters 

Monday 

7 AM/PM and 1 PM 

135 cm 

Tuesday 

8 AM/PM and 2 PM 

70 cm 

Wednesday 

9 AM/PM and 3 PM 

23 cm 

Thursday 

10 AM/PM and 4 PM 

33 cm 

Friday 

11 AM/PM and 5 PM 


confirmed. After the information ex¬ 
change, the most crucial part of the 
contact takes place; this is the confir¬ 
mation that all the necessary informa¬ 
tion has been received. Frequently this 
is accomplished by an "R" on CW or 
"roger" on SSB. 

Most operators agree that the roger 
should never be sent until both call 
signs and all the information exchange 
is completed. Furthermore, most oper¬ 
ators agree that the contact is com¬ 
plete when at least one of the stations 
hears a roger and then responds with 
same. Some purists may want to hear 
rogers both ways, but that can lead 
into the roger-of-the-roger syndrome. 

If there's any doubt about the con¬ 
firmation required, try to get a defini¬ 
tion of what the other station requires 
ahead of time. One scheme I use to 
break the routine is to send 73, but I 
never send it unless I'm sure that the 
other station has received my roger. 
When you hear my 73, you know that 
I've received all the necessary ingre¬ 
dients for a completed QSO. 

transmission modes 

Nowadays most weak-signal com¬ 
munications use SSB on the 
VHF/UHF frequencies because it has 
a much faster information exchange. 
This is especially true on meteor scat¬ 
ter, where some bursts are measured 
in seconds. CW is usually reserved for 
long-haul, weak-signal paths, EME, 
and aurora, where signals are more 
difficult to copy, especially when 
there's severe distortion or doppler 
shift. 

More specific information is required 
to operate meteor scatter and EME be¬ 
cause they each have a special report¬ 
ing format. On meteor scatter 
contacts, stations in North America 
usually transmit and receive in 
15-second increments. Generally 
speaking, the station furthest west or 
south transmits the first and third 15 
seconds of each minute and the sta¬ 
tion furthest east or north transmits the 
second and fourth 15 seconds. More 
specifics are discussed in reference 8. 

EME operation is another matter be¬ 
cause it differs on each band. Trans¬ 


mission periods are typically 2 or 2-1 /2 
minutes and special reporting se¬ 
quences are used. 70-cm reporting and 
scheduling are discussed in reference 
9. Time and space won't allow a 
lengthy dissertation at this time, so 
these matters will have to be covered 
at a later date. 

when and where to 
operate 

So far I've discussed band plans, 
grid squares, awards, QSLing, and 
what constitutes a two-way contact. 
By now you're probably asking, 
"Where do I go to find all those sta¬ 
tions to contact?" One answer is to 
tune into the various calling frequen¬ 
cies and scan 10 to 25 kHz on either 
side of them. If nothing is heard, try 
a CQ on one of the calling frequencies. 

If you still don't hear anyone, don't 
be alarmed. Your rig is probably work¬ 
ing, but there just isn't any activity at 
the time. "So when is the activity?" 
you ask. The answer is sometimes a 
function of your location. You may 
have to be patient at first or ask a lo¬ 
cal Amateur when it all takes place. 
• Activity nights. Sometimes activi¬ 
ty can be sparse, especially on the 
higher VHF and UHF bands. Many of 
the "dyed-in-the-wool" VHF/UHFers 
operate on more than one band. But 
you can't be everywhere all the time 
— thus the concept of "activity 
nights." 

Basically the scheme goes like this. 
Each night of the week is designated 
for a different major VHF/UHF band. 
This way you can pool your resources 
and cover all bands equally. This con¬ 
centration has been proven to be very 
effective and easy to remember. Sun¬ 
day night is 6-meter night, Monday is 


2-meter night, and so forth; table 4 
shows the whole scheme. Local areas 
choose the time, but it's typically be¬ 
tween 8 and 10 PM local time. 

• Contests usually provide plenty of 
VHF/UHF activity. The major North 
American contests are listed at the end 
of this column. Again, the operation 
can get out of sync; that important 
multiplier may be on a particular band 
when you're busy elsewhere. There¬ 
fore, activity hours are recommended 
during contests. Here in the Northeast, 
7 AM and 7 PM are 2-meter hours, 8 
AM and 8 PM are 135-cm hours, and 
so forth. These times are also shown 
in table 4. 

• Nets are another source of activity. 
SMIRK (Six Meter International Radio 
Klub) and SWOT (Sidewinders On 
Two) have local nets. Some clubs do 
the same. AMSAT/OSCAR has hf 
band nets where VHF/UHFers can be 
found. This a good way to seek out ac¬ 
tivity. Six-meter operators can often be 
found on 28.885 MHz when band 
openings are expected or for cross¬ 
band (6 to 10 meters) operation. 

Many special-interest VHF/UHF 
nets convene on hf so that wider area 
coverage can be conducted. The Cen¬ 
tral States VHF Society has a net on 
3818 kHz on Sunday evening. I believe 
it's at 10 PM Central Time. Members 
and nonmembers can often be found 
on this frequency in the evenings, es¬ 
pecially during meteor showers. The 
70-cm EME net meets on 14.345 MHz 
every Saturday and Sunday at 1600 
UTC, followed by the 2-meter EME net 
at approximately 1700 UTC. 

• VHF/UHF and microwave con¬ 
ferences, many held annually, are 
usually listed at the end of each 
month's column (if I get the informa- 
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tion in time). Conferences are a great 
way to meet other VHF/UHFers and 
to get tips on operating a station, im¬ 
proving your equipment, schedules, 
and activity. 

Another nice thing about VHF/ 
UHF/microwave conferences is that 
they often have noise figure measure¬ 
ment gear so you can tweak your 
preamplifiers and know how good (or 
bad) they really are. Often antenna 
measurement is available. This is a 
good way to see how your favorite an¬ 
tenna stacks up against the compe¬ 
tition. 

• Publications offer another great 
source of activity. All the major 
Amateur journals in the United States 
now have special VHF columns. In ad¬ 
dition, there are literally dozens of club 
newsletters, magazines, and special¬ 
ized publications that are good for 
locating activity and finding out how 
to improve your gear. Many of these 
were discussed in my March, 1985 
column, so they won't be repeated 
here. 10 

At the risk of leaving someone out, 
I've prepared table 5, which lists some 
of the major North American VHF/UHF 
newsletters not connected directly 
with any club or organization. If there's 
interest in updating the information in 
reference 10 or listing the various club 
newsletters, let me know. Just send 
me the information on your publica¬ 
tion; perhaps we can publish it at a 
later date. 

join a club or society 

If you really want to get involved 
and meet people, join one of the many 
VHF/UHF or microwave clubs or so¬ 
cieties. They range from small groups 
of several individuals sharing a news¬ 
letter to larger ones with hundreds of 
members who sponsor conferences. 
This is an excellent way to get tips on 
operating. 

Again, it would be difficult to list all 
the clubs and societies. My list is in¬ 
complete at this time. If you're not al¬ 
ready sending me your newsletter, 
please send a sample copy and infor¬ 
mation on joining. Perhaps we can run 
lists of these in a future column. 


Table 5. Several major North American 
newsletters that are not directly associat¬ 
ed with a club or organization. 

VHF/UHF and Above Information Exchange, 
c/o Rusty Landes, KAOHPK, P.0. Box 270, 
West Terre Haute, Indiana 47885. Issued month¬ 
ly. One-year subscription; $15.00. 

KCOW's UHF-Plus Update, 3090 Point Pleasant 
Road, Hebron, Kentucky 41048. Issued month¬ 
ly. One-year subscription: $5.00. 

220 Notes, c/o Walt Altus, WD9GCR, 215 Villa 
Road, Streamwood, Illinois 60103. Issued quart¬ 
erly. One-year subscription; $5,00. 

2-Meter EME Bulletin , c/o Gene Shea, KB7Q, 
417 Staudaher Street, Bozeman, Montana 
59715. Issued monthly, One year subscription: 
$15.00. 


conveniences 

All your operation can go for naught 
if some conveniences aren't provided. 
Try to make your operating position as 
comfortable as possible. Have a 
separate light over the operating posi¬ 
tion so that your log book can easily 
be seen. It will not only be less tiring, 
but safer if you have to make any gear 
changes. 

Have keyers and microphones read¬ 
ily accessible on the operating table. 
If any antennas have to be switched, 
provide a switch, preferably with easy 
access from the operating position. 
Don't take any shortcuts on an anten¬ 
na relay. A poor isolation or unreliable 
relay can cause instant equipment 
burnout. 

Finally, if possible, have a secondary 
frequency standard. 11 Not only will it 
tell you what frequency you're on, but 
it will provide a weak signal source to 
indicate whether your gear is grossly 
inoperative. 

summary 

This month's column, devoted to 
operating a VHF/UHF/microwave sta¬ 
tion, was further dedicated to new¬ 
comers to ease and speed their 
transition to the VHF and above fre¬ 
quencies. Various tips for improving 
your chances of success were also 
offered. 

Remember to let me know about 


any VHF/UHF/microwave clubs, so¬ 
cieties, newsletters, and conferences. 
I'll be glad to share the information I 
receive in a future column. 

new records 

Reference 7 indicated that the best 
reported DX on 48 GHz in North 
America was a puny 0.3 miles. That's 
all history now, as you'll note in table 
3. That record was broken on March 
7, 1987 when WB7UNU, W7TYR, and 
W7ADV in Portland, Oregon 
(CN85PL), had a two-way SSB con¬ 
tact on 47.040 GHz with WA3RMX 
and K7RUN in Beaverton, Oregon 
(CN850L), over a distance of 5.42 
miles! 

Not only is this a new North Ameri¬ 
can record, but it probably represents 
the highest frequency at which nar¬ 
rowband SSB communications has 
ever taken place. The power was only 
44 microwatts into a 9.5-inch diameter 
dish on one end of the path! The pow¬ 
er on the other end of the path was 3.5 
milliwatts (QRO!) into a 28.5-inch dish. 
Judging from the signal strength and 
low power, this same group has im¬ 
mediate plans to break their own 
record. Congratulations all around and 
good luck on your next record 
attempt. 


Important VHF/UHF Events 


July 1 

± 1 month. Look for European 
6-meter opening. 

July 11 

EME perigee 

July 18-19 

CQ Magazine VHF WPX 
Contest 

July 20 

±2 weeks. Look for 2-meter 
sporadic E propagation. 

July 23-26 

Central States VHF Conference, 
Arlington, Texas (contact 
KD5PO) 

July 29 

Predicted peak of the Delta 
Aquarids meteor shower at 1500 
UTC 

Aug. 1-2 

ARRL UHF Contest 

Aug. 1-3 

SWOT (Sidewinders On Two) 
open QSO party (contact K5IS) 

Aug. 8 

EME perigee 

Aug. 12 

Predicted peak of the Perseids 
meteor shower at 1300 UTC 
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important news about 

MININEC 3 

In W1 JR's column in the May, 1987 
issue (see page 101}, it was erroneous¬ 
ly stated that copies of MININEC 3 
could be obtained from the United 
States Naval Ocean Systems Center 
(NAVOCEANSYSCEN). 

According to NAVOCEANSYSCEN, 
engineering software such as MININEC 
is developed by NAVOCEANSYSCEN 
for use by the United States Navy and 
other Department of Defense (DOD) 
agencies. NAVOCEANSYSCEN soft¬ 
ware is made available to the DOD and 
DOD contractors upon written request 
as part of the technology transfer goals 
of NAVOCEANSYSCEN. 

The documentation for MININEC 3, 
NOSC Technical Document No. 938, 
is available to the general public at a 
nominal fee from the National Techni¬ 
cal Information Service (NTIS). Copies 
of MININEC 3 on diskette will be avail¬ 
able from the Federal Software Ex¬ 
change Center, a service of NTIS. To 
request copies, please contact NTIS at 
5285 Port Royal Road, Springfield, Vir¬ 
ginia 22161 (703 487-4650). 

Please note that foreign requests 
must be handled through appropriate 
diplomatic channels. — Ed. 




17th ANNUAL 

INDIANAPOLIS HAMFEST™ 

And INDIANA STATE ARRL CONVENTION 
July 11-12, 1987 



Marion County Fairgrounds — Gates open 6:00 AM both days 


2 Full Days of: 

Commercial Exhibitors 
Large Flea Market 
Hourly Awards 
Forums 


FREE: 

Parking 
Kids Awards 
Camping 
Womens Awards 


Free Trolley Buses to Union Station 
Indiana's Largest Electronic Flea Market, 

Computer and Amateur Radio Display 

INDIANAPOLIS HAMFEST, P. 0. Box 11776, Indianapolis, IN 46201 
CALL: (317) 745-6389-Commercial (317) 356-4451-Flea Market 
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improved gain distribution 


for the Yaesu FT-726R 


Wake up your receiver 
with this simple mod 


Yaesu's FT-726R is a very popular and well-made 
radio, offering a lot of flexibility in one small package. 
But some owners feel that for the 726R to really "come 
alive" on 2 meters, it's necessary to add an external 
GaAsFET preamp. 

After owning a 726R for several days, I too felt that 
performance on the 6- and 2-meter bands could be 
improved. My observations lead me to believe that any 
shortcomings were not the result of insufficient front- 
end gain or a high noise figure, but were due instead 
to an apparent lack of i-f gain in the VHF modules. 
While the receiver's MDS seemed to be a cut above 
most other stock transceivers, signals that are too 
weak to activate the AGC threshold level require the 
operator to continually ride the a-f gain control for ade¬ 
quate recovered audio. The actual spread between the 
receiver MDS point and start of AGC action is con¬ 
siderable, resulting in an appreciable weak-signal 
"dead-zone." 

It's interesting to note that the UHF 430- and 
440-MHz modules don't suffer from this problem. This 
is because of the additional overall gain produced by 
the 70-MHz i-f stages unique to these modules. While 
switching bands, note how the receiver background 
noise increases when the UHF module is activated. 

does a preamp really help? 

I live in Connecticut's "Kilowatt Valley." During 
contests a multitude of high-power VHF stations sur¬ 
round my QTH and put the best of receivers to the 
test. The Yaesu 726R uses a single-ended dual-gate 
FET mixer preceded by a dual-gate FET high-gain am¬ 
plifier — hardly a "crunch-proof" combination! What¬ 
ever benefits offered by a 20-dB GaAsFET preamp 
would be significantly outweighed by greatly dimin¬ 
ished receiver dynamic range. 


I where gain will do some good 

Two cascaded monolithic i-f "roofing" — or IMD 
— filters follow the first mixer, providing the first real 
degree of receiver selectivity. These filters protect the 
subsequent stages from strong signals falling outside 
the filter passband. While the filter bandwidth isn't 
adequate for closely spaced SSB/CW signals, the real 
limiting factor with the 726R lies in its VCO phase 
noise-produced reciprocal mixing products. 

A common-gate JFET stage provides all of the i-f 
gain in both the 6- and 2-meter modules. Adding an¬ 
other 10 to 15 dB of i-f gain will solve most of the re¬ 
ceiver sensitivity problems. 

the circuit 

Figures 1 and 2, respectively, show the original and 
modified circuits. An additional FET stage was added 
to produce the needed gain. While there were many 
ways to do this, my method involves only minimal dis¬ 
ruption of the existing circuitry; the radio may be 
returned to its original condition without difficulty. The 
component values are critical. I deliberately used in¬ 
terstage mismatching and resistive loading to assure 
predictable gain and a stable circuit . 

The added components are mounted "cordwood" 
fashion on the rf unit pc boards for the 2- and 6-meter 
modules. The modification is neither lengthy nor in¬ 
volved, but some manual dexterity and soldering skills 
are needed. Don't perform these modifications if 
you're not comfortable tearing into your radio. Since 
the rf boards for both VHF modules are nearly identi¬ 
cal, and many of the Yaesu part numbers are the 
same, I'll give the 6-meter information in parentheses 
only when the part numbers differ. 

Only six parts are needed per module; total cost 
should be about $10 for both modules. Use 1/8-watt 
resistors if available, and use the smallest size capaci¬ 
tors you can find. Extremely short, direct connections 
must be used for stability — there's a fair amount of 
in-line gain at 10,7 MHz with the additional i-f stage. 

I suggest pre-tinning the component leads before 
mounting. Be sure to use a grounded iron. 

step-by-step procedure 

Carefully remove the modules from the radio. Re- 

By Peter J. Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 06071 
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gate lead and ground; use the coil shield for T09 (T08 
in the 6-meter) as the ground point. Using short leads, 
tack-solder the 24-pF capacitor between the gate lead 
of the 2N5486 at the 1.8-k resistor junction and to the 
junction of the Q03 drain lead and the 6.8-^H choke. 
This completes the modification to the radio. 

Check your work again for errors, making sure that 
none of the JFET leads have twisted and shorted 
together. 


Ti UT 

i j 


*'AOOEO PARTS 




m 


6 8-j.H molded ctiokt 
2N5486 JFET 

1800-ohm. 1/8-watt rtsittor 
120-ohm, U8-w»tt rotator 
0.01 1S-VDC Hite coromtc 
24-pf <Nn c or atppod mict 
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fig. 2. Modified circuit. 


move the top cover shield for the rf board, which is 
held in place with four screws. Carefully lift the board 
upwards and locate the drain lead for Q03, the 2SK125 
i-f amp. Unsolder this lead carefully and lift it from the 
pc run. Re-dress the lead as shown in fig. 3A. Be¬ 
cause there's a small possibility that the lead may break 
off at the device case, you may wish to have a few 
RCA SK replacements on hand. 

Preshape the 6.8-/*H choke leads as shown in fig. 
3B. Locate the resistor lead on the 10-ohm resistor 
(R19) nearest capacitor C34 (C32 for 6 meters) and 
carefully tin the lead. Slide the L-shaped hook lead of 
the 6.8-ptH choke under the resistor lead and solder. 
Carefully shape and tack-solder the free drain lead 
from Q03 to the free choke lead — another lead will 
be added here later. 

Preshape the 2N5486 leads as shown in fig. 3C. 
Arrange the source and gate leads so they face to¬ 
wards the J02 pin connections and insert the drain lead 
into the hole previously used by Q03's drain lead. 
Solder the lead to the PCB run and trim. Check your 
work carefully. If everything appears to be correct, 
reinstall the rf board for the 6-meter module only. 

A 120-ohm resistor and 0.01 fiF capacitor are in¬ 
stalled between the 2N5486 source lead and ground. 
On the 2-meter module there are holes for an unused 
i-f transformer that will provide a good short ground 
path to the pc ground foil. For the 6-meter module the 
coil shield for i-f transformer T08 is used; be careful 
not to overheat the coil assembly. The 2-meter rf board 
may be reinstalled at this point. 

Next, a 1.8-k resistor is installed between the 2N5486 



alignment 

Connect the module to the radio and let it sit atop 
the other modules so that the i-f transformers can be 
aligned. Inject a signal into the receiver that's strong 
enough to produce S-meter deflection; keep the level 
under S9 so that small signal variations will be more 
readily apparent. Carefully repeak coils T08 and T09 
(coils T07, T08, and T09for the 6-meter module) for 
maximum meter deflection; repeat the procedure un¬ 
til no further improvement is noted. There should be 
no signs of regeneration or oscillation. When align¬ 
ment is completed, remove power from the radio and 
reinstall the rf cover shield and the module in the radio. 

increased performance 

With no antennas connected, the receiver back¬ 
ground noise is at the same level regardless of the band 
selected. Signals are about 10 to 15 dB stronger than 
before the modification. Weak signals that were diffi¬ 
cult to copy are now easy to copy without an exter¬ 
nal preamp. 

ham radio 


54 QB July 1987 







ham radio 


TECHNIQUES 


that golden day 

Some readers may remember my 
April column, wherein I mentioned the 
'"black hole" in Amateur Radio, an 
area of western China between India 
and the USSR. Known as Xinjiang 
Province — and void of Radio Am¬ 
ateur activity — it measures some 600 
miles in diameter. 

But now BYOAA was rumored to be 
active in Ulumqui! One afternoon 
around 0100Z, I was tuning around 
14,127 kHz when I heard a weak, 
watery signal working a UA9 station. 
Could this be . . . ? I closed my eyes 
— all good DXers know you can hear 
a weak signal better with your eyes 
closed — YES! The signal signed 
BYOAA. This was my chance. No one 
else was calling . . . the frequency was 
clear. To avoid alerting the compe¬ 
tition, I gave a quick one-by-two: 
BYOAA DE W6SAI W6SAI K. 

The room filled with a golden light. 

I heard the BY come back to me, but 
my mind slipped back to the early days 
of DX when I was a high school lad. 
The goal of active DXers then was to 
achieve the near-impossible: WAC 
(Worked All Continents) on phone! 

It wasn't hard from the west coast, 
because a few Asians were on phone, 
but their signals never seemed to fil¬ 
ter through to the New York area. 
True, a few DX giants such as W2AZ, 
W2HUQ, W2IXY, and W4DLH had 
done the impossible, but never a green¬ 
horn kid running 120 watts into a 
dipole. 

And then on that long-ago golden* 
day, when the big DXers must have 
been asleep, I worked VU2CQ in Bom¬ 
bay, India on phone. It was truly a 
shattering experience and one not 
repeated until I had the thrill of work¬ 


ing a station in the elusive "black hole"* 

Xinjiang province, formerly known 
as Chinese Turkestan! 

Other DXers share the same excit¬ 
ing experience. The 1986 Top Band 
Annua1 News Digest edited by Ivan 
Payne, VE3INQ, is a revelation. Armed 
with a good antenna, sufficient power, 
stamina, and an urge to excel, a group 
of 160-meter DXers are turning the top 
band into a replica of 20 meters! Ac¬ 
cording to Ivan's DX log, W8LRL has 
203 countries on 160, followed by 
N4PN and VE1ZZ with 184 and 189, 
respectively. And G3SZA and PAOHIP 
both have 39 zones on 160 meters! 
Now that's real DX! 

a wideband 80-meter 
antenna 

The wideband 80-meter antenna is 
still an elusive concept. The best way 
of doing the job is to make a "fat" 
dipole. Some of these designs have 
been shown in earlier columns. I re¬ 
cently received a note from Frank 
Geisler, W7IS, who had built various 
"fat" cage antennas for 80-meter oper¬ 
ation, They seemed to work after a 
fashion, but they were large and un- 
wieldly. They were easy to tangle up 
during erection and had heavy wind 
loading. 

Searching for a better solution, 
Frank came up with the antenna 
shown in fig. 1 . Very simple, it con¬ 
sists of five dipoles connected in 
parallel. The complete antenna is only 
114 feet long. The short dipoles have 
a 2-foot separation so that overall 
spread of the wires is 10 feet. This in¬ 
teresting antenna is easy to get up in 
the air because only one wire is erect¬ 
ed at a time. The top wire is pulled up 
first, then the other wires are added. 


one at a time, from top to bottom. 
Frank used No. 18 wire and cut all the 
dipoles to the same length. The oper¬ 
ating bandwidth is sufficient to cover 
the range of 3.5 to 4.0 MHz with an 
SWR of less than 2:1. 


No spreaders are necessary in this 
simple antenna. The wires have never 
tangled — not even in 60-mph winds. 
The wires attach separately to the 
center mast and are connected to¬ 
gether with a short length of wire. A 
1:1 balun is used to match a coax line. 

Next, Frank wants to try reducing 
the number of wires to three, separat¬ 
ed by 4 feet. It will be interesting to see 
if he can maintain operating bandwidth 
with fewer wires. 

a 160-meter discone 
antenna 

W7IS is a stalwart experimenter. He 
had always wanted to try a discone an¬ 
tenna for 160 meters to achieve verti¬ 
cal polarization with good operating 
bandwidth (see fig. 2). The top disc 
was assembled from wire and was 90 
feet in diameter! The disc was pre¬ 
assembled on the ground and hauled 



fig. 1. The 80-meter wideband dipole at 
W7IS. 
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into position at the 80-foot level! He 
used nylon ropes to steady the assem¬ 
bly. The ropes ran to seven nearby 
trees. Pulleys and weights on each of 
the ropes allowed the top disc to flex 
in the wind. 

The center support tree was 80 feet 
high and the discone wires were 130 
feet long. The cone wires dropped 
down to the 10-foot level and then 
were run along the ground at this level 
for 45 feet. The natural resonance of 
the antenna turned out to be 2.1 MHz, 
so an antenna tuner was used to reach 
1.8 MHz. 

The last step was to ground the end 
of each discone wire with an 8-foot 
rod. All ground rods were tied to¬ 
gether. This lowered the resonant fre¬ 
quency of the antenna to 1.8 MHz and 
dropped the SWR to less than 3:1 over 
the range of 1.8 to 7 MHz. 

Frank states this was a major con¬ 
struction project that required large 


amounts of No. 12 wire. The antenna 
has been up for three years and is still 
in use. He says the antenna is good for 
DX and illustrates how much better 
vertical, rather than horizontal, polari¬ 
zation is on 160 meters. 

For a simple 160-meter DX antenna, 
Frank says it's very hard to beat a 
simple dipole about 80 feet high. The 
discone is a better antenna, but it's 
difficult to construct, takes up a lot of 
wire, and requires plenty of real estate! 

the 160-meter beam at 
PY1RO 

The robust signal of Rolf, PY1RO, 
is well known to all 160-meter DX 
operators. He's tried various antennas 
and says that the array shown in fig. 
3 is one of the best. Suspended from 
a 230-foot tower, the array consists of 
six half-wave (quad style) loops, equal¬ 
ly spaced around the tower. They use 
two half-loops as a director, two more 




RF clipping speech processor. IF shift 
for both receive and transmit (TX 


Tb transform your shack into a DX 
powerhouse, combine the intelligence 
orYaesu’s FT-767GX HF/VHF/UHF 
base station and the muscle of our 
powerful FL-7000 HF amplifier. 

I You’ll be amazed at how you can 
cut through pile-ups. Be heard any¬ 
where inuhe world. And wake up other¬ 
wise inactive bands. 

The brains of the operation: The 
FT-767GX. This intelligent HF/VHF/ 
lIHF base station includes four micro¬ 
processors for unparalleled flexibility 
and ease of operation, 
j Features include 160 to 10 meter 
transmit, including WARC bands. 
Optional plug-in modules for 6-meter, 
2-meter and 70-cm operation. Receiver 
coverage from 100 kHz to 30 MHz. 

AM, FM, SSB, CW,AFSK modes built in. 
Ten memories that store frequency, 
mode, and CTCSS information 
(optional CTCSS unit for controlled*' 
aceess repeaters). Memory check 
feature for checking memory status 
without affecting operating frequency. 
Dual VFOs with one-touch split fre¬ 
quency capability. VFO tracking for 
slaved VFO-A/VFO-B operation at a 
constant offset. Digital display in 


10 Hz steps. Slow/fast main dial tun¬ 
ing. Synthesizer step programming 
at up to 99.99 kHz per step, Digital 
SWR metor. Digital RF power meter. 
Built-in RF preamplifier. Adjustable 
drive level from 0 to100 watts. Blue 
fluorescent display. Built-in AC 
power supply. 

Up to 30 minutes continuous 
transmit (100% duty cycle). Full CW 
break-in. Built-in CW electronic keyer. 
Audio peak filter for GW (Yaesu 
patent). CW and AM wide/narrow 
filters. Woodpecker noise blanker. 


side allows you to adjust voice fre¬ 
quency response pattern). IFmoniton 
IF notch filter. Audio low-pass filter. 

Built-in antenna tuner with mem¬ 
ory of settings on each band. Separate 
antenna connectors for each VHF or 
UHFoptional unit. Separate beverage 
antenna receive input, on rear panel. 
Quick turnaround time from TX to 
RX for AMTOR, Packet, and QSKCW. 
AGG slow/medium/fast/off selec¬ 
tion. Push-pull MRF422 transistors 






















half-loops as reflectors, and the re¬ 
maining loops as a "fat" radiator. The 
loops are electrically switched in six 
different directions. Polarization is ver¬ 
tical and a front-to-back ratio of better 
than 10 dB is noted. Front-to-side ratio 
is about 15 dB. 

The switch box is located at the 
16-foot level. Because each of the 
loops is self-resonant at 1925 kHz, they 
act as "natural" directors at the low 
frequency end of the band. The relays 
add sufficient length to the loops to 
make them resonant at 1740 kHz to act 
as reflectors. 

Rolf notes that the high tower is a 
natural attraction for lightning. During 
a recent storm, he had two direct 
hits on the tower in the space of two 
hours. The installation is protected by 
a lightning arrestor (charge dissipator, 
or lightning rod) at the top and by six 
grounds at the bottom. Unfortunately, 
the coax from tower to station was left 




(rated dissipation 290 watts each) 
operated at 24 volts for excellent inter 
modulation rejection in transmitter. 

Enhanced C.A.T. system for exter¬ 
nal control of transceiver from per 
i sonal computer. (Software for Apple 
' lie/MAC, Commodore C-64, and 
1BM-PC is available through your Yaesu 
dealer.)There’s also data communica¬ 
tion with the FL-7000 linear amplifier 
for hands-free amplifier operation. 

The muscle to get you out: The 
FL-7000.This solid state amplifier 
covers 160 to 15 meters, and includes 


a built-in power supply, automatic 
tuner and lots of powerful operating 
features. . 

There’s fast turnaround time for 
break- i n (QSR) CW, HF packet radio, 
and AMTOR. Only 70 watts excitation 
for full output, and 1200 watts PEP 
input power. Fully protected push-pull 
parallel wideband “no-tune”ampli- . 
fier circuit powered by47V, 25A DC 
power supply. Yaesu’s exclusive “DVC” 
(Direct Vertical Cooling Heatsink 
System) with bottom-mounted fan. 
Automatic antenna matching sensor 


turns off amplifier and rematches 
tuner circuitry if SWR rises above 
2:1, Hands-free automatic band change 
when used with FT-767GX, FT757GX 
or FT-980. Lithium battery backup 
remembers antenna selection and 
tuner settings. Dual 2-speed fans 
with independent, thermal sensors. 
Connection to up to four an tennas, 
including automatic selection via 
optional unit. Eight front panel LED 
status indicators. And more; 

Get the DX advantage. Just 
combine the FT-7fi7GX’s brains, the 
FL-7000’s brawn, and your special 
operating knowledge. What an impact 
you'll make on the world! 



IkesnUSA 

17210 Edwards Hoad, Cerritos, GA90701 
(213) 404-2700 

Repair Service: (213) 404-4884 
Parts: (213)404-4847 

Ykesu Cincinnati Service Center 

9070 Gold Park Drive, Hamilton, OH 45011 
(513)874-3100 

Prices and specifiCatianssubject to change 
without notice, 
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New Features Super ComShack 64 More Advanced controls) 

Repeater Contraller/Oual Remote/Rutopatch/Shack Control 


System control interface Cartridge Option 



Repeater TX/Rx 

iiiSb 

net- 


duplexer 


2nd Remote or link 


mul 


Latching Relays 
CS-8 Option 



•Remotely programablewith Touchtones/change up 
to 9 parameter sets from H.T or telephone 1 
•Synthesized speech; high quality natural sounding 
human male or female voice 
•Dual Remote base/ Control treq/mode/scan/on/off 
•Autopatch fast access & speed dial tone or pulse 
•Program voice ID message/courtesy beep from H.T. 
•Automatic voice clock & user programable timers 
•Multiple commands can be executed at once 
[ up to 22 digits per command string) 

• CTCSS tone paging/voice paging/8 relay cont. opt. 
•Alarm clxk & auto-excute command string' 
•Optional autoboot cartridge (no disk drive needed) 
•Send control commands from any telephone! 




•Generates random code practice @ any speed with 
voice readback after each 20 random code group! 
•Set CW speed/pitch/courtesy beep from your H.T. 
•Input up to 22 vocab words & letters as ID or 
mail box message <?> speed dial rates from H.T 
•Easy to maintain C64 computer/ low cost repair' 


MUCH 'MWIW ’1-1*1111*11 W Im 


•300 Touchtone/parameter loadable autodial 
numbers, inc: 10 Emergency (quick access) 

*300 Reverse patch cal) signs voice paged with 
CTCSS activated/general & directed page modes 
•Incoming caller receives voice message to enter 3 
digit code to selective page a call sign (DP mode) 
•Two autopatch access codes-Hi/lo priority access 
•Enable/disable 50 number strings ♦ wild card *'s 
•Full or half duplex (repeater on/off);TT muted 
•Storage of MCI/Sprint access codes+del ay digits 
•Cell waiting allows switching to second call 
•Touchtones are regenerated onto the tel./speed dial 
•CTCSS paging group/ individual or reverse patch , 
•Reverse patch active in ail modes 


NEW RQTOR CONTROL 
ANO 32 CTCSS(SU6 
TONE)PACE k ENABLE 
FROM YOUR HT' 




•H.F. CAT remote: Yaesu FT-757/767/980 
Kenwood T5-440/940, loom IC-735 
•2nd remote: Yaesu FT-727/FT-767(UHF & VHF), 
Kenwood 811/711- serial data or use 7950 
TS- 2530/70 with RAP 1 (row & col control card ) 
* 10 H F Memory channels/enter or recall 
•Automatic USB/LSB/f M/AM mode select 
•Scan up/down, fast .slow or 10Ohz steps 
•Control CS-8 relay/latch /master reset /Status 
•H.F./ 2nd remote: Monitor only, or TX enable modes 
•All control inputs are voice confirmed including 
frequency, mode, scan status, time, outputs on/off 
•VHF remote, as link input. & repeater car be active 


*8 Latching Relay control. Mode! C5-8. $79.95 

♦ 3 DPDT 2A relays, 5 open collector outputs 
+ user defined 2 letter function name & state 

♦ automatic PIT fan control/master all off code 

+ CTCSS group cal '/individual (HT programable) 

+ Ham "M rotor interface Model HM-1.. $49.95 
•Optional CMOS auto-boot 72k EPROM Cartridge 

programed with your parameters. $99.95 

•Keypad Control for VHF remote, RAP I $149.95 
•Super ComShack Manual (credit later) $15.00 

; model CS64S-I349 .95 (wired and tested)) 

includes: computer interface, disk 1 , cables & manual, 
use with: C-64/C-64 C/C-128/5X-64(spec, inst) 

'Commercial version also availoble 

(add $4.00 shipping / Ca residents add 6£) 

^^^ttA^nERCARD/V|SA/CHtCI(/M^OVCO^^^ 

Engineering Consulting 

583 Candlewood St. 

Brea, Ca. 92621 
tel: 714-671-2009 


IC-02/04 AT ;2AT ;U 16;FT209;FT727R 

Module installs inside the radio in 15 Min, Boost audio to 
i wait! low standby dram/Correels iow audio/1 QOQ^of 
happy users, Minature audio amplifier--> 

Used by Police,fire. Emergency, when it needs to be loud! 

f Now available "for ] "AUDIO BLASTER 


Yaesu 


il 


all ±6 Digits/low oower 

T pgmmTTTT m t .mil wi mb 

Bspn 


FT-727R i i nMel AB1$ 19.95 
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AUDIO 



IS -2321 


123456 I For *11 
769 ABC 


Program your computer in basic to decode multidigit ‘strings", 
sound alarms, observe codes , Simple to install, includes basic 
program for C64/V1C20/C128. works wi th all computers' 
DECODE-A-PAD I Model DAP $89.95 
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•Scans up to 100 channels at once by sending freq data to the radio 
•Program digital "5" meter; scan stops from S( 1 -9); Auto resume 
•Program 100channels; including offsets, subtones. TX.RX.& 
all FT-727R keyboard commands Save all sets to disk & printout 
•Loads 8c programs all FT-727R parameters In less that 15 seconds, 
•includes hardware interface and disk for theC-64 

^ Two way _ *Sr.an lnrk nut set sran rtalflv 


i wo way 
data 4800 
baud 


•Scan lock out, set scan delay 
•General or Ham coverage modes 
•User friendly, easy to assemble 
interface Includes connectors 

NEW I _ 

MODEL 727S $39.95 


Wired and tested + 5 to * 12 Volts/ 
User progremoble to 50,000 codes/ 
All 16 digits/Send code once to turn 
on, again to turn off/ Momentary 8 
Latching output/dr ives relay/LED 
latch indicator /Optional 4 digit extra 
custom latch IC’s $8.95 each/add as 
many latches as you want to your 
external board. [Model TSP $59^95^ 

Remote-A-Pad Two TSD'st above) and 
Row 8c Column control interface, all 
on one board, remote control of any 16 
digit keypad with touchtones Simple 
stand alone c ontrol card. Wired and 
tested I Model RAP $149.95 


Teltone,+5to12v. 15ma/inc3,58 Mhz 
Crystal/ 22 pin socket, Data Sheet, 
Sample circuits, decoder specs, all 16 
TT. BCD/HEX out.[Model TTK $22.95 I 
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connected during the storm. His sta¬ 
tion suffered extensive damage, in¬ 
cluding charred connectors, outlets, 
and wire all the way back to the cir¬ 
cuit breaker boxf Now, all wires to the 
tower are disconnected during a storm! 

a one-chip, dual-conversion 
fm receiver! 

Interested in an ultra-compact VHF 
fm receiver? Motorola has just an¬ 
nounced the MC3362 bipolar analog 
1C, which comprises a single-chip 
receiver from antenna input to audio 
amplifier output. Useful from 50 to 150 
MHz, the device provides excellent 
sensitivity and good image rejection in 
narrowband voice and data link appli¬ 
cations. 

The MC3362 was featured at the re¬ 
cent RF Expo East as a single-chip 
receiver operating in the 2-meter band 
(144.585 MHz) and drew crowds of in¬ 
terested Amateurs and engineers! For 
more information on this formidable 
device, contact Motorola, Inc., Bipolar 
Analog 1C Division, Tempe, Arizona 
85200. 

new EME directories 

A new supply of the popular "144 
MHz EME Directory" has been print¬ 
ed. This lists many of the moonbounce 
stations and operators, giving the 
name, call, address, phone number 
(where applicable), and equipment. To 
obtain your copy, send five first-class 
stamps (or five IRCs) to me at EIMAC, 
301 Industrial Way, San Carlos, Cali¬ 
fornia 94070. 

ham radio 

Want to 
Advertise m 
HAM RADIO? 

Call Rally Dennis 
(603) 878-1441 
today for more 
information 






















































PRACTICALLY SPEAKING 


battery problems: part 1 

As its title states, this column covers 
the practical aspects of Amateur Radio. 
Yet because much of my electronic 
servicing career has involved working 
with non-Amateur applications, it 
would seem to make sense to share 
some of the results of that experience 
with you here, since the principles ad¬ 
dressed apply to Amateur Radio as 
well. 

As I've mentioned before, I spent 
several years working in biomedical 
electronics at a large university med¬ 
ical center, where batteries were used 
for many different reasons. Some 
equipment was battery-powered for 
reasons of portability. A defibrillator, 
for example, might be needed any¬ 
time, anywhere . . . heart attacks don't 
always happen when patients are con¬ 
veniently near electrical outlets or 
fixed-location machines. Although 
most of our defibrillators were ac- or 
dual-powered, we also had a number 
of purely battery-powered models. 

We had battery-powered monitors 
used to keep track of ECG and blood 
pressure as patients were transferred 
between units — for example, from 
the Emergency Room to the Intensive 
Care Unit. Small VHF/UHF fm ECG 
telemetry transmitters kept track of 
ambulatory patients, and still other 
devices relied on battery power for 
reasons of patient safety. A cardiac 
output computer, for example, makes 
measurements based on a thermistor 
inserted into the heart. Because even 
minute amounts of ac "leakage" cur¬ 
rent could be fatal, batteries were used 
to completely isolate the instrument 


from the ac power line. During those 
years I learned a few valuable lessons 
on the use of batteries in electronics 
equipment. 

First, though, a note on terminology. 
In rigorous usage, a "cell" is the most 
basic element, and has the minimum 
voltage for that sort of device. We gain 
additional voltage by connecting the 
cells in series and extra current by con¬ 
necting them in parallel. To be strict, 
we would refer to the single entities as 
"cells" and multiple-cell entities as 
"batteries." But in common usage — 
where it's usually acceptable to be less 
rigorous — all cells and batteries are 
called "batteries." We'll follow that 
practice here. 

Portable medical electronics equip¬ 
ment is powered with NiCds. These 
batteries have a nominal terminal vol¬ 
tage, at full charge, of 1.2 volts, ex¬ 
cept immediately prior to turn on after 
a fresh charge, at which time the open- 
terminal voltage is 1.4 volts. Sometime 
after turn-on, however, the open-ter¬ 
minal voltage drops to the nominal 
value of 1.2 volts for the duration of 
operation. As the stored energy is used 
up, however, the terminal voltage 
drops lower. 

NiCds will normally sustain 1000 
charge-discharge cycles before be¬ 
coming unusable. Manufacturers typi¬ 
cally rate a battery unusable when the 
capacity of the battery drops below 80 
percent of its original specified value. 

The capacity of a battery is meas¬ 
ured in ampere-hours — that is, the 
product of the current load (in am¬ 
peres) and the time required to reach 
the officially designated discharge 
state. The NiCd is capable of deliver¬ 


ing some tremendous currents: for ex¬ 
ample, the D cell (4 A-H) and F cell (7 
A-H) can deliver short duration cur¬ 
rents of 50 amperes or more. (This is 
why they're used in defibrillators, and 
why portable Amateur Radio transmit¬ 
ters can use them.) 

Because they deliver huge currents, 
NiCds should be fused in order to pro¬ 
tect printed wiring tracks, wires, 
and other conductors. I've seen copper 
foil pc tracks and an on/off switch 
smoked by a shorted capacitor across 
the dc line from a NiCd battery. 

The amount of time that a battery 
will sustain its charge is a function of 
the discharge time, which in turn is de¬ 
termined by the amount of current 
drawn. 

Figure 1 shows two different dis¬ 
charge scenarios: one for a current of 
1/10 the A-H rating, and one for a cur¬ 
rent equal to the A-H rate. In fig. 1A, 
the battery will be fully discharged in 
10 hours, while in fig. IB discharge 
will occur in 1 hour. This particular 
chart is derived from the data pub¬ 
lished for a D cell rated at 4 A-H. 

The standard cell ratings for NiCds 
are as follows: 

Battery Size A-H Rating 

AA 0.4/0.5/0.7 

C 2 

D 4 

F 7 

As you can see, the AA cells are 
available in three ratings from 400 to 
700 mA-H, depending upon the man¬ 
ufacturer and style. 

You'll find plenty of variation from 
this chart, especially among consumer 
product quality (rather than profes¬ 
sional quality) NiCd batteries. I've seen 
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C cells rated at both 1 and 1.2 A-H, 
and D cells rated at 2 A-H. I suspect 
that these are lesser cells dressed in C 
and D packages; one manufacturer's 
representative admitted to me that his 
consumer D cells were actually C cells 
inside of D packages! 

This chicanery, of little consequence 
to most consumer electronics users, 
results in a lower cost product. But if 
you use these batteries in communica¬ 
tions equipment, make sure that you 
get the correct A-H rating. It's been 
my experience that Gould brand cells 
are fully rated; others may require 
caution. 

Some distributors play the rating 
game by quoting different discharge 
rates. One standard method of measur¬ 
ing A-H capacity is the amount of cur¬ 
rent required to discharge a cell to 1.0 
volts in 1 hour. Some makers, how¬ 
ever, define A-H capacity in terms of 
the 10-hour discharge rate normalized 
to ampere-hours. In analyzing figs. 1A 
and IB, you can see how this might 
result in a warm, fuzzy — but false — 
feeling of capacity. 

The charging protocol for NiCds de¬ 
pends some what on the application 
and manufacturer. In general, though, 
the charge current must be at least A- 
H/20, and in many commercial consu¬ 


mer battery chargers it's often A-H/15. 
For most applications where you can 
control the charge rate, it's safe to 
use a charge rate of A-H/10. That is, 
charge the battery at a current not 
greater than 1/10 the ampere-hour 
rating. In addition, the battery must be 
charged to 140 percent of capacity, so 
a charge time of 14 hours is mandated. 
The general rule is: charge at 1/10 
ampere-hour rating for 14 hours. 

Some chargers are designed to fast- 
charge the battery in as little as 1 hour; 
most, however, demand 3 to 4 hours. 
Fast-charging should not be done un¬ 
less the battery manufacturer recom¬ 
mends it. Even then. I'm a little 
cautious about fast-charging, having 
once seen a D cell explode during too- 
fast charging. NiCds can be danger¬ 
ous, so follow the maker's recommen¬ 
dations carefully. 

NiCds have finite shelf lives as 
well. Some users find that a battery 
charged, then stored, is unusable 
when it's eventually turned on. My old 
Wilson walkie-talkie suffered that fate 
several times. Figure 2 shows a 
storage discharge curve for a typical 
NiCd. As you can see, the battery or 
cell will be of questionable utility after 
only a few weeks' storage. The cure 
for this problem is a trickle charge 
during long-term storage at a rate be¬ 
tween A-H/30 and A-H/50. Some 
commercial battery chargers have a 
switch that allows either A-H/10 regu¬ 
lar charge rate or a A-H/30 trickle 
charge. 

Another problem with NiCds is oper¬ 
ating temperature and its effects on 
available capacity. As shown in fig. 3, 
the available current capacity is a func¬ 
tion of temperature. As the tem¬ 
perature increases above room temper¬ 
ature (72 F, 25 C), the available capac¬ 
ity diminishes. I'd like to see some 
data on NiCd performance at cold tem¬ 
peratures. 

NiCd "memory" 

You'll hear a running debate about 
whether or not NiCds have or do not 
have a memory problem. In this con¬ 
text, memory means that a battery 



won't allow deep discharge after 
repeated shallow discharges. For ex¬ 
ample, if a battery is repeatedly dis¬ 
charged in some particular application 
to only 80 percent of capacity, after a 
while it will "remember" the 80-per¬ 
cent level as the fully discharged point. 
The battery will then exhibit the fully 
discharged potential when the charge 
level is only 80 percent of fully charged. 
This makes the battery appear to have 
suffered premature failure. A NiCd bat¬ 
tery with memory problems can some¬ 
times be rehabilitated by repeatedly 
fully charging it, and then immediate¬ 
ly deep-discharging it. Eventually the 
memory phenomenon should work it¬ 
self out. 

The best cure for the memory phen¬ 
omenon is to avoid it. I have a friend 
who lives in constant pain, and as a 
result uses an electronic pulse gener¬ 
ator called a "Transcutaneous Elec¬ 
tronic Nerve Stimulator" (TENS) to 
keep the pain at a manageably low 
level. This physician-prescribed device 
runs on small NiCd batteries. When 
my friend complained that the $90 bat¬ 
tery pack lasted only a few weeks, I 
questioned him further and found that 
he routinely placed the TENS in the 
charger every night, even though he 
didn't use it all the time. The TENS 
battery was obviously being routinely 
shallow-cycled, and consequently had 
developed a memory. I advised my 
friend to keep two battery packs avail¬ 
able: one in an insulated bag in his 
briefcase, for use when the other one 
goes dead, and the other in the TENS 
itself. When the TENS battery is low, 
my friend simply swaps battery packs. 
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He used one battery pack for two 
years, and had been averaging at least 
a year on each — instead of six weeks. 

When equipment is subject to rou¬ 
tine maintenance, it's possible to keep 
the batteries healthy by following a 
certain routine. In most of the equip¬ 
ment I've serviced over the years, the 
manufacturer recommended that the 
batteries be periodically discharged 
and then recharged. The protocol for 
most is as follows: 

• Fully charge the battery or cell. 

• Discharge it fully with a resistor that 
draws a current of A-H/10 for 8 to 9 
hours for multi-cell batteries, and 10 
hours for single cells. 

• Recharge the battery at the A-H/10 
rate for 14 to 16 hours. 

If the battery is not fully discharged, 
a phenomenon called " polarity rever¬ 
sal" may occur because not all cells 
have the same terminal voltage at any 
given time. It might happen that one 
cell will become charged backwards by 
the others in the series chain. For this 
reason, multi-cell batteries are dis¬ 
charged to only about 10 to 20 percent 
of capacity. 

When a unit uses multiple cells to 
achieve higher voltage levels — and 
it's possible to remove those cells in¬ 
dividually — it's better to discharge 
and recharge them one by one. 

Batteries left in a discharged condi¬ 
tion for a lengthy period of time may 
develop inter-element shorts: little 
whiskers (called "dendrites") grow 
from plate to plate, causing a short cir¬ 
cuit. The cell potential drops to zero 
or near-zero, and the cell refuses to ac¬ 
cept a charge. In some cases, we 
would have to regard the cell as lost 
and replace it. There are, however, 
some cells that can be salvaged from 
short circuits. 

Figure 4 shows a revitalization cir¬ 
cuit for shorted NiCd cells that works 
by vaporizing the internal dendrites 
that short the plates together. A 
known-good cell of the same type is 
placed across the shorted cell through 
a push-button or spring-loaded toggle 
switch, (It's important to use this type 
of switch instead of a regular switch 
. . . we don't want to keep the circuit 



closed for too long because an explo¬ 
sion could result.) Press the switch 
several times in succession, then 
measure the terminal voltage. If the 
current from VI successfully vaporizes 
the dendrites inside V2, then the ter¬ 
minal voltage will rise. 

CAUTION: wear safety goggles or 
glasses when performing this opera¬ 
tion. NiCd batteries have been known 
to explode under high current, and it 
could conceivably happen when re¬ 
pairing a shorted cell. I've never seen 
it happen under these circumstances, 
but I wouldn't bet my eyesight on its 
never happening. 

next month 

In the final installment of this two- 
part series, we'll take a look at charg¬ 
ing schemes for NiCd batteries. We'll 
also take a look at lead-acid and gel- 
cel batteries used to power mobile and 
portable Amateur equipment. 

ham radio 

s-SHORT CIRCUIT HOTLINE 

Building a current hem red to project? Call the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time — before you 
begin construction. Well let you know of any 
changes or corrections that should be made to the 
article describing your project 

(See ‘Publisher's Log," April, 1984, page 6, tor 
details.) 

o- 603- 678- 1441 - ' 




2 30 MHz 12VC 

28V) 


PIN 


Reting 

Net Ee. 

Metch Pr. 

MRF412./A 


80W 

$18.00 

$45.00 

MRF421 

Q 

100W 

22.50 

51.00 

MRF422* 


150W 

38.00 

82.00 

MRF42B./A* 


25W 

18.00 

42.00 

MRF433 


12.5W 

12.00 

30.00 

MRF449./A 

Q 

30W 

12.80 

30.00 

MRF450./A 

Q 

50W 

14.00 

31.00 

MRF453,/A 

Q 

60W 

15.00 

35.00 

MRF454./A 

Q 

80W 

15.00 

34.00 

MRF455./A 

Q 

SOW 

12.00 

28.00 

MRF458 


SOW 

20.00 

46.00 

MRF475 


12W 

3.00 

9.00 

MRF476 


3W 

2.75 

8.00 

MRF477 


40W 

11.00 

25.00 

MRF479 


15W 

10.00 

23.00 

MRF465* 


15W 

6.00 

15.00 

MRF492 

Q 

SOW 

16.75 

37.50 

SRF2072 

Q 

85W 

13.00 

30.00 

SRF3662 

Q 

110W 

25.00 

54.00 

SRF3775 

Q 

75W 

14.00 

32.00 

SRF3795 

Q 

90W 

16.50 

37.00 

3800 

Q 

100W 

18.75 

41.00 

2SC2290 


80W 

19.75 

45.50 

2SC2879 

Q 

100W 

25.00 

56.00 


VHF/UHF TRANSISTORS 



Reting MHz 

Net Ee. 

MRF224 

40W 138 174 

13.50 

MRF237 

4W 136-174 

3.00 

MRF238 

SOW 136-174 

13.00 

MRF239 

SOW 136-174 

15.00 

MRF240./A 

40W 136 174 

18.00 

MRF245 

SOW 136174 

28.00 

MRF247 

75 W 136 174 

27.00 

MRF807 

1.75W 136174 

3.00 

MRF641 

15W 407 512 

22.00 

MRF644 

25W 407-512 

24.00 

MRF646 

40W 407 512 

28.50 

MRF648 

BOW 407-512 

33.00 

SD1441 

150W 138174 

74.50 

SD1447 

100W 136174 

32.50 

2N5591 

25W 136-174 

13.50 

2N6080 

4W 138-174 

7.75 

2 N 6061 

1SW 136 174 

9.00 

2N6082 

25W 136-174 

10.50 

2N6083 

30W 136 174 

11.50 

2N6084 

40W 138-174 

13.00 

MISC. TRANSISTORS* MOGUL 

MRF134 

$16.00 

MRF497 

MRF136 

21.00 

2N1522 

MRF136Y 

70.00 

2N3866 

MRF137 

24.00 

2N4048 

MRF138 

35.00 

2N4427 

MRF140 

89.50 

2N5590 

MRF148 

35.00 

2N5642 

MRF150 

89.50 

2N5843 

MRF172 

62.00 

2N5646 

MRF174 

80.00 

2N594S 

MRF208 

11.50 

2N5946 

MRF212 

16.00 

2SC2097 

MRF221 

10.00 

2SC2237 

MRF260 

700 

2SC1969 

MRF261 

9.00 

S10-12 

MRF262 

9.00 

SAV6 

MRF264 

13.00 

SAV7 

MRF406 

14.50 

SC1019 

MRF428 

55.00 

SC1027 

NE41137 

3,50 

M57737 


Metch Pr. 
32.00 

30.00 
35.00 
41.00 
65.00 
63.00 

49.00 

54.00 

59.00 

69.00 

170.00 

78.00 

34.00 


24.00 

31.00 


14.25 

10.50 

1.25 

10.50 
1.25 

10.00 

13.75 

15.00 

18.00 

10.00 

13.00 

29.50 

13.50 
3.00 

13.50 

34.50 

34.50 
59,90 

47.50 
47.50 


Salactad, matchad finals for Icom, Atlaa, Yaaau, KLM, 
Kanwood, Cubic, TWC, ate. Technical aaaiatance and 
croaa-rafaranca on CD, PT, SD, SRF and 2SC P/Na 
Quantity parts uaara—call for quota 

WE SHIP SAME DAY • C.0.D./VISA/MC 

Minimum Ordar—Twanty Dollars 

(619) 744-0728 

FAX: <619) 7441943 
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an improved RDF 

The Dick Smith Electronics (DSE) Model K-6345 
Radio Direction Finder (RDF) unit* has drawn con¬ 
siderable interest among transmitter hunters. The low 
price of this kit, compared with the cost of other com¬ 
mercial Doppler RDFs, has been its main attraction. 

The direction finder consists of two assemblies — 
a control/display electronics section and the ASU or 
Antenna Switching Unit. The display has an electronic 
compass, which is a series of 32 LEDs arranged in a 
circle whose illumination is a function of the transmit¬ 
ted signal arrival angle. The unit has potential appli¬ 
cations from 6 meters to 70 cm for both sport and 
serious use in volunteer enforcement as well as search 
and rescue efforts. It's intended to work with any fm 
receiver in the appropriate frequency range, including 
handhelds and scanners. 

problem areas 

After evaluating the DSE unit and comparing it with 
similar homebrew and commercial Doppler RDFs, I 
found several shortcomings. Voice or tone modula¬ 
tion on the signal being hunted caused a "spreading" 
of the direction indication, frequently causing it to light 
all the LEDs in the circle on modulation peaks; get¬ 
ting a good bearing on a signal with continuous tone 
modulation was nearly impossible. Noise created by 
the electronic antenna rotation sometimes obliterat¬ 
ed signals that were not full quieting, or spread the 
indication further. In addition, parasitic reradiation in 
the antenna system worsened the effects of multipath 
on the indication. 

I found the original design virtually useless for 
mobile hunting in urban areas because the display 
dashed around rapidly with no discernible trend. 
Though the Doppler RDF technique is easier to use 
in motion than beam/quad/loop schemes — and also 
averages out multipath indications — this was not the 
case with the DSE unit because of the problems cited 
above. 


'Available from Dick Smith Electronics. Redwood City, California for $99. 



Fortunately, there are several ways to improve the 
unit and make it a credible performer. Some of them 
have been mentioned briefly by the manufacturer in 
an addendum sheet now being supplied with the kit. 
I developed several others, including the fixes to the 
active filter stage described here. The modifications, 
all quite simple and involving little additional cost, are 
made in two areas, the Antenna Switching Unit (ASU) 
and the bandpass filter stage. 

The instruction manual discusses the theory of how 
the Doppler effect is used for direction finding, but 
it gives no advice on how to install and use a Doppler 
RDF on a vehicle. Some practical hints on that topic 
are included later in this article. 

the antenna unit 

Electronic rotation of the antenna assembly is 
achieved by sequentially switching each of the four 
whip antennas to the receiver by the ASU. Only one 
antenna is connected to the receiver at any one time . 
The other three are disconnected by diodes 
D201-D204* in the ASU and shorted to ground by di¬ 
odes D205-D208 at the antenna bases. Because these 
unused whips are grounded, they affect system per¬ 
formance by adding undesirable harmonic content and 
amplitude modulation to the induced Doppler signal. 
The effects of reflections from nearby terrain features 
are magnified by the reradiation. So even a small 
amount of multipath results in unreadable displays 
when the unit is used in motion. 

The solution is to have the switched-off whips be 
electrically floating instead of grounded. Remove and 
discard the shunt diodes (D205-D208) at the bases of 
the four whips. Doing this won't adversely affect the 
operation of the ASU. There is 26 dB isolation from 
each switched-off whip base to the receiver using the 
shunt diode and 23 dB without it. The difference is 
insignificant. 

The switched-off whips will still appear to be 
grounded if the coax lines to the ASU are an odd 
multiple of an electrical quarter wavelength. That's be¬ 
cause a nonconducting diode in the ASU is trans- 


By Joe Moell, KOOV, P.O. Box 2508, Fuller- 
ton, California 92633 


'Component designations indicated are as used in K 6345 RDF kit and differ 
from customary HR nomenclature. 
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fig, 1, This antenna system is built in an aluminum chassis 
and uses bronze welding rod for elements. RCA phono plugs 
and jacks are used to attach the whips. 


formed to an apparent short at the end of an odd 
quarter wavelength multiple line. For best results, 
change these lines to be exact electrical half wave¬ 
lengths at the frequency of interest. 

Be sure to take the velocity factor of the coax into 
consideration in the computation. For 2 meters, using 
ordinary polyethylene dielectric RG-58 (with a 66 per¬ 
cent velocity factor), the coax lengths should be 
26-1 /2 inches (or a multiple of that} from the antenna 
base to the ASU circuit board. This length includes 
the connector on the box and the coax from the con¬ 
nector to the board. For foam dielectric cables such 
as RG-8/X (with a 78 percent velocity factor), the 
length should be 31-1/2 inches for 2 meters. It's im¬ 
portant that all four lines be of equal electrical length. 

A one-piece antenna assembly like the one shown 
in fig. 1 is easy to mount on the roof of a car with 
suction cups and nylon straps (not shown). Use an 
all-metal enclosure, such as an aluminum chassis and 
cover plate. The plastic ASU box supplied by DSE is 
acceptable if it's placed inside a larger metal enclosure 
like the one shown. 

Other ways to configure the antenna system include 
setting an open wooden frame with individual ground 
planes in the back of a pickup, mounting a set of four 
vertical dipoles on a PVC pipe support, or using four 
individual mag-mount antennas on the vehicle roof. 
In any of these cases, the ASU board should be placed 
either inside a metal box or inside a plastic box that 
has been sprayed with conductive paint for shielding. 

The short leads inside the ASU box from the four 
coax receptacles to the board should be changed to 


equal lengths of small coax, such as RG-174/U, replac¬ 
ing the bare wire provided. Alternatively, when the en¬ 
tire antenna system is housed in a metal enclosure 
such as shown in fig. 1 , the four connectors can be 
deleted and the RG-58 lines can go directly from the 
antenna bases to the ASU board. 

A good ground plane for the antenna system is very 
important. Eight radials are attached to the antenna 
base chassis with lugs as shown in fig. 1. The radials 
and the whips should be stiff enough that they don't 
flop around when in motion. Bronze welding rod (3/32 
inch diameter) is ideal for this purpose; it accepts 
solder readily and is available inexpensively at weld¬ 
ing supply stores. 

Switching noise from the BA244 diodes supplied by 
DSE is objectionable because it can mask weaker 
signals. You'll notice an improvement by replac¬ 
ing D101-D104 with PIN types, such as Motorola 
MPN-3401. An equivalent part is available in the ECG 
and NTE replacement semiconductor lines as EGG-555 


what is direction finding? jj, 

-Jf AT® * V ~ = t' !• „ iTsi'S 

The classical ^ finding employ 

a rotatable antenna and a receiver. Depending upon 
the antenna pattern and the detection method, the 
antenna is slowly rotated until either a maximum 
ormihimumlsfgriial isldetected^ 

Each antenna and receiver comprises one station. 
Two or three stations working from different loca- 
tions are then able to compare bearings and deter¬ 
mine an approximate location of the source. This 
process is known as triangulation. » ^ f 

jA eecond method known as Doppler RDF uses 
a /ap/d/y rptpting antenna that in addition to receiv¬ 
ing the main signal, ihtfodUces an fm component 
that is proportional to its speed of rotation. Eor e^ 
ample, as the antenna approaches the source, the 


frequency increases. As it rotates away from the 
source, the frequency decreases slightly. This is 


similar to the effect noticed as a train, with horn 
blaring, draws nearer. The tone rises and ithpn 
diminishes. Note, however, that it's the phase -# 
not the actual frequency Of the tone — that con- 




. *$i 

. .... ;>? 


tains information about the direction of arrival of 

* ■ n! v ; • - ■’ ■ f r-'/r * v - : ,m ,$rf •fiffiMar.r *.fWr,v^r! . 




' K 


the transmitted signal. 

Instead of physically rotating the receivinganterf 
na(s), an electronic switching method can be em¬ 
ployed that in effect rotates the pattern and 
accomplishes the same purptpse without moving 
parts. Practical Doppler RDFs sequentially switch 
four or more elements to sirnuiate the single rotat¬ 
ing antenna. Sometimes this technique is known 
as "pseudo-doppler." 
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and NTE-555. These diodes are In low-inductance 
packages with tabs instead of wire leads, and should 
be surface-mounted to the etch side of the ASU 
board, as shown in fig. 2. 

optimizing the filter 

The reason for ''spreading" of the indication with 
modulation lies in the filter section. First of all, the Q 
of the switched capacitor filter section is set to 15 by 
the resistor values. This is far too low, giving poor 
voice rejection and a response time that is too rapid. 
Second, the peak in the filter response doesn't occur 
at exactly the detected Doppler tone frequency. 

In a properly designed switched capacitor bandpass 
filter, the response peak is at an exact submultiple of 
the clock frequency. The filter peak should follow the 
clock input exactly, so that any drift in the antenna 
rotation frequency is tracked by the filter. Due to a* 
characteristic of the MF5* filter 1C, the peak will be 
offset by 0.615 percent if the two 10-k resistors (R16 
and R17) are perfectly matched. 

Such a good resistor value match is unlikely with 
the 5 percent resistors supplied. With unmatched resis¬ 
tors, the offset could be up to 10 percent. In the case 
of the evaluation unit, it was 7.1 percent. Any offset 
causes phase changes in the filtered Doppler signal 
when voice modulation and multipath cause amplitude 
changes in the input tone level. These phase changes 
result in erroneous changes in bearing on the RDF 
display. 

Fortunately, it's easy to make significant improve¬ 
ments in the filter section. Figure 3 shows the modifi¬ 
cations and fig. 4 indicates parts locations. First, raise 
the value of R12from 150k to 2.7 megohms. This gives 
a filter Q of 270. Next, correct the offset problem by 
making the resistance at R17 0.615 percent (about 61.5 
ohms) greater than R16. 

Although it's possible to do this by choosing fixed 
resistors with a precision ohmmeter, there's an easier 
way that makes use of the greatly increased Q of the 
filter. Add a 1000-ohm variable resistor in series with 
R17. Since its adjustment is a bit touchy, a multiturn 
miniature trimpot is best. Glue it to the circuit board 
and wire it in; it will become a permanent part of the 
unit. Set the pot for zero ohms at first. 

The pot is adjusted with the control unit hooked up 
to a completed antenna unit and VHF-fm receiver. 
Transmit an unmodulated test signal (from a separate 
transmitter) and measure the filtered df tone at pin 1 
of IC5 (the MF5) with an oscilloscope or ac voltmeter. 

If an ac voltmeter is used, put a 0.1 /xF capacitor 
in series with the meter lead to prevent the dc level 
at pin 1 from obscuring the filtered df tone. 

‘This is a National Semiconductor pan number. For more information, see 
the data sheet lor the MF10, which is two identical MF5 type filters m one 
package. 



fig. 2. Interior of the ASU enclosure showing the equal length 
RG-174/U coax Jumpers and NTE-555 PIN diodes, which 
replace the BA244s. 



Slowly adjust the pot for maximum amplitude of this 
df tone. The test signal must be unmodulated and full 
quieting or it will be difficult to find the peak. The set¬ 
ting of the pot will depend on how well matched R16 
and R17 are. If the level goes down instead of up as 
the pot resistance is increased, then R17 is already 
more than 62 ohms higher than R16. In that case, 
swap resistors at R16 and R17, set the pot to zero 
ohms, and try readjusting again. 

It's important to mention that the Doppler tone into 
the control unit does not vary in frequency. Doppler 
shift introduces instantaneous change in frequency of 
the received rf signal, causing a tone to come out of 
the receiver's discriminator in addition to any other fm 
modulation on the signal (voice, for example). The 
phase of this tone is important — not the frequency, 
which is the same as the antenna rotation frequency. 
If the tone changes in frequency, it's because the 
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fig. 4. Parts layout of the bandpass filter. Early units do 
not have reference designators silk-screened on the 
board. 


master oscillator (IC2) drifts. That's why a switched 
capacitor bandpass filter is ideal for this application. 
When driven from the same clock, it tracks. 

To improve digital noise rejection and minimize the 
chance of oscillation, filter the Vcc line to the MF5 with 
a 0.1 -fiF miniature ceramic capacitor. Put it on the etch 
side of the board at pins 6 and 7 with very short leads. 

Increasing the value of R12 to 2.7 megohms pro¬ 
vides high Q filtering without detrimental effects from 
clipping in the filter or phase shifter stages. Although 
unlikely, it's possible that such a high value on some 
units might upset the MF5 output biasing due to its 
input offset currents. It could also cause the MF5 to 
oscillate. If either occurs, lower the value of R12 as 
required. There were no such problems in my evalua¬ 
tion unit over a wide temperature range. The dc volt¬ 
age at pins 1 and 14 of the MF5 with no Doppler signal 
input will be within ± 1 volt of the dc voltage at pin 
11 if all is well. 

checkout 

Be very careful to confirm that the antenna is elec¬ 
tronically rotating in the proper direction. It's easy to 
get it "backwards" so that the antenna unit and the 
display rotation are in opposite directions. If the an¬ 
tenna unit is rotating backwards, the unit will have a 
left/right (90/270 degrees) reversal of bearings when 
calibrated on a reference signal in front of the vehicle 
(zero degrees). I have seen this mistake in two kit 
builders' units. The four-pin shielded control cable 
must be wired pin 1 to pin 1, pin 2 to pin 2, etc. 

The DSE instruction manual does not show the ex¬ 
act wiring of the four-pin antenna control cable con¬ 
nectors, nor does it show how to check for proper 
antenna rotation. There are two ways to do this after 
the unit is completed. When the instructions tell you 
to connect control cable pins to test point A and ob¬ 
serve the 0, 90, 180, and 270-degree LEDs, connect 
test point A to the whips themselves in succession, 
not the control cable pins. This verifies wiring of the 
antenna cables as well as the control unit and ASU. 


Antennas are numbered 1 to 4 in clockwise order as 
viewed from the top of the antenna system. 

You can also use an oscilloscope to observe that 
the control pulses proceed from antenna to antenna 
in clockwise order. Look at the waveform at each 
whip. It's low (-0.6 volts) when the whip is on and 
nearly + 12 volts when the whip is off. Sync the scope 
on whip No. 1 and observe that No. 2, No. 3, and No. 
4 follow in proper sequence. 

calibration 

The DSE manual suggests an obvious method of 
calibrating and checking a VHF Doppler: just walk 
around the vehicle with a transmitting handheld and 
adjust the calibration control on the front panel for 
correct bearings. But that method won't give opti¬ 
mum accuracy. It's adequate for only a very rough 
check. Nearby reflections and the near-field charac¬ 
teristics of the signal cause inconsistent and inaccurate 
indications. 

Repeaters or strong base stations that are a mile or 
more away give better results. The signal should be 
strong and the path should be unobstructed. The an¬ 
tenna should be in a relatively clear area. For a mobile 
system, try a large, empty parking lot. Turn the an¬ 
tenna unit or drive the car around in a circle to verify 
that the bearing is reasonably consistent. Again, don't 
expect super accuracy on this check, particularly if the 
repeater is many miles away. 

For mobile use, the best final calibration is done with 
the vehicle in motion. Drive slowly down a long stretch 
of straight, vacant road with a friend a quarter mile 
or so ahead, transmitting. With the other vehicle keep¬ 
ing pace ahead of you, adjust the calibration control 
until the top LED (zero degrees) is on. Now pass the 
signal source; after you pass, the bottom LED (180 
degrees) should be on. Doing the calibration while in 
motion helps average out the local reflections which 
can throw off stationary bearings. 

The calibration control on the front panel allows for 
correcting the display to match the orientation of the 
antenna unit. It also compensates for differing phase 
delays of the df tone through different receivers. Un¬ 
fortunately, the control has less then ± 90 degrees 
of range. The display can be rotated in 90-degree steps 
for more calibration range by rotating the antenna 
connectors. 

For example, let's say that with the signal straight 
ahead, the calibration control swings the indication 
from 190 to 330 degrees, but can't get it to zero 
degrees where we want it. The indication can be ro¬ 
tated 90 degrees clockwise by connecting antenna No. 
4 to the D201 input, antenna No. 1 to the D202 input, 
and so forth. Now the calibration control covers the 
range 280 to 60 degrees for a straight-ahead signal, 
which includes the desired zero degree indication. 
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using a Doppler RDF in a vehicle 

As with any RDF system, it's important to get to 
know the gear well before taking it out for an actual 
hunt. To become familiar with the unit, try to hunt 
local known signals for practice. The instantaneously 
updating display of a Doppler RDF unit is easy to read, 
but there are some subtleties in its interpretation. 
Remember that it can indicate only one bearing for 
each rotation of the antenna. When reflected signals 
approach the strength of the direct signal, the result 
in a Doppler RDF is a bearing indication that is incor¬ 
rect for both the direct and reflected sources. 

The best strategy is to keep moving and watch the 
general trend of the indications. By moving along, the 
effects of close-in reflections are averaged out. Take 
the time to learn to read the display and listen to the 
audio out of the speaker in different types of terrain 
and with different transmitting sites, power, and 
antennas. 

As you drive around you'll note that the df tone in 
the receiver audio changes quality from smooth to 
"raspy." Raspiness of the tone generally indicates that 
multipath is present. Multiple Doppler signals are sum¬ 
ming together in a random fashion, giving a high har¬ 
monic content to the resulting df tone. At worst the 
tone seems to jump in pitch by exactly one octave, 
and may stay high for a block or so. Put your greatest 
trust in the bearings indicated when the tone isn't 
raspy or an octave high. 

limitations of Doppler RDF gear 

Many newcomers to T-hunting have unreasonably 
high expectations of the many available Doppler RDFs. 
They think they'll be unbeatable in the local T-hunts. 
They also imagine that several Doppler RDFs linked 
for triangulation will locate jammers with pinpoint 
accuracy from dozens of miles away. Experienced 
hunters know that neither is true. 

Tests by manufacturers of highly sophisticated com¬ 
mercial and military Doppler RDF systems such as 
Watkins Johnson, and by long-term users such as the 
U.S. Coast Guard Auxiliary, have shown that even the 
very best four-antenna designs have significant inher¬ 
ent inaccuracies when used for medium-distance bear¬ 
ings at fixed sites. Parasitic effects in the antenna 
system can cause an error of up to ± 5 degrees around 
the circle when the unused antennas are properly float¬ 
ed or terminated, and far more if they're not. The 
readout steps are 11.25 degrees, limiting resolution. 
On top of all this, atmospheric effects cause additional 
error. This error can be 15 degrees or more, varying 
with time of day. It is greatest if part of the path is 
over land and part over water. 

Ten degrees of error at 10 miles causes the line of 
bearing to miss the source by 1-3/4 miles. Triangula¬ 


tion from three high fixed sites 20 miles apart with a 
± 10 degree error margin will produce an area of un¬ 
certainty 13.8 square miles in size. This is where the 
mobile hunters come in; when it comes to pinpoint¬ 
ing the source of malicious GRM and gathering cred¬ 
ible evidence, there's no substitute for a cadre of 
mobile hunters who've practiced their skills and be¬ 
come familiar with their gear. 

Mobile hunting with any type of RDF setup can be 
a difficult task when the hunted operator uses suffi¬ 
cient cunning. Competitive hunters using Doppler RDF 
sets in southern California generally don't do better 
than teams using vehicle-mounted beams or quads. 
But the Doppler RDF's ease of use and rapid updating 
make it a good choice, particularly when you're hunt¬ 
ing alone or hunting a mobile jammer. Having high ac¬ 
curacy is less important in a vehicle because the RDF 
is being used phmariiy as a "homing" device. 

On the other hand, there are situations when a 
Doppler RDF isn't the best choice for the task. If the 
signal is very weak, the lack of gain and the residual 
switching noise in the Doppler antenna system will 
make it hard to get accurate indications. If the hunt¬ 
ed signal is horizontally polarized, reflected signals 
(often vertical) will be emphasized with respect to the 
direct signal into the vertical whips. Again, it will be 
much more difficult to get an accurate bearing. In 
those situations, a high gain beam or quad, properly 
polarized, is a better choice for getting a high-accuracy 
bearing on the signal. 

conclusion 

A properly operating Doppler RDF really shines 
when used in a vehicle for closing in on a fixed or 
moving RF source. With the modifications suggested 
in this article, the Dick Smith K-6345 RDF does a re¬ 
spectable job without the need for major redesign. I'd 
like to hear from other users who discover further 
improvements. 
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locator 
field list 

Compiled since 1982, this list uses the Maidenhead 
Locator system, adopted by IARU Region 2 and the 
ARRL in 1983. The largest unit in the system is a field. 

A field measures 20 degrees in longitude by 10 degrees 
in latitude, and is designated by two letters — for 
example, RJ . There are 324 fields on the earth's sur¬ 
face; the goal is to work all of them on the same band. 

This is a very difficult task — much more difficult than 
working all DXCC countries, partly because 54 of the 
fields are areas on the oceans and partly because very 
few stations know their own field designators. 
(Though it may be a long time before locator infor¬ 
mation becomes part of each QSO, we should all work 
towards this goal. By exchanging only six characters, 
such as J099DK, we can identify the position of our 
stations within ±10 km anywhere on earth.) 

The middle unit of the locator is called a square. To 
help Amateurs identify their own and other squares, 

I've produced a 24-page atlas that shows all 32,400 
squares worldwide. The atlas is available from Ham 
Radio's Bookstore ($4.00 plus $2.00 shipping and 
handling) or directly from me for six IRCs plus a large 
SASE (minimum size: 9 x 12 inches). The atlas also 
contains computer programs for determining both 
locator data (from longitude and latitude) and distance 
and direction between two locators. 

All readers are invited to take part in this competi¬ 
tion. The list covers all bands — from 1.8 MHz to 10 
GHz — and includes the top 20 operators on each 
band. The rules are very simple and are presented at 
the bottom of each list, which is compiled four times 
per year. 

If you'd like to participate, send your information 
to me as soon after the following dates as possible: 
March 31, June 30, September 30, and December 31. 

By Folke Rosvail, SM5AGM, Vasterskarsringen 
50, S-184 00 Akersberga, Sweden 
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1987-03-31, COMPILED BY SM5AGM (J099DKI. WHO WILL BE THE 

FIRST RADIO AMATEUR TO WORK ALL324 FIELDS ON THE SAME BAND? 
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Ol 

PI 
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1.8 MHZ 

| 1 W1JR 

FN 

68 870330 

2 SM3CWE 

JP 

51 861231 

3 SM6CTO 

JO 

33 850127 

4 SMOLH 

JO 

5 860322 1 5 SM4JXG 

JO 

3 861231 


1 SM3CWE 

JP 

129 861231 

4 SM7WT 

JO 

68 850129 

7 SK6AW 

JO 

44 870331 

10 SMOLH 

JO 

8 860322 




3.5 MHZ 

2 W1JR 

FN 

102 870330 

5 SMOHTO 

JO 

64 851230 

8 SM6INC 

JO 

29 860331 

11 SM4JXG 

JO 

7 861231 





3 SM0CCE 

JO 

79 850122 

6 SM6CAK 

JO 

56 860921 

9 SM3CVM 

JP 

19 861012 







mm 

1 SM3CWE 

JP 

141 861231 
138 850122 

4 SM7WT 

JO 

97 850129 

7 SK6AW 

JO 

50 870331 

10 SMOLH 

JO 

15 860209 

13 9V1RH 

OJ 

6 861211 


2 SMOCCE 

JO 

5 SM7PKK 

JO 

86 870322 

8 SMOHTO 

JO 

4/ 851230 

H SM5CAK 

JO 

It 860921 




■■I 

3 W1JR 

FN 

119 870330 

6 SM6INC 

JO 

73 860331 

9 SM3CVM 

JP 

43 861012 

SM4JXG 

JO 

11 861231 





1 W1JR 

FN 

43 870330 

4 SM6INC 

JO 

15 860331 

7 SM6MSG 

JO 

10 850930 

10 SMOHTO 

JO 

7 851230 

13 SM5CAK 

JO 

3 860921 

10 MHZ 

2 9M2FP 

OJ 

31 86)220 

5 SM3CWE 

JP 

13 861231 

8 SMOLH 

JO 

9 860322 

11 SM7BDB 

JO 

5 850922 





3 SM5FUG 

JO 

21 860912 

6 SM5ACQ 

JO 

11 870331 

SM4JXG 

JO 

9 861231 

12 SM5PAX 

JO 

4 850930 





1 SM3CWE 

JP 

221 861231 

4 SMOCCE 

JO 

186 850122 

7 SK6AW 

JO 

134 870331 

10 SM5CAK 

JO 

73 860321 

13 SM4JXG 

JO 

37 861231 

14 MHZ 

2 SM7WT 

JO 

20) 850331 

W1JR 

FN 

186 870330 

8 SM6INC 

JO 

126 860331 

11 SMOLH 

JO 

57 860212 




3 SMOHTO 

JO 

192 851231 

6 W6DU 

CM 

147 860526 

9 SM5ACO 

JO 

122 850930 

12 SM5FBL 

JO 

44 850126 




18 MHZ 

1 SM5ACO 

JO 

12 870331 

3 SM7BD8 

JO 

8 850922 

5 SMOLH 

JO 

5 860322 

SMOHTO 

JO 

3 851230 




2 SM6INC 

JO 

9 860331 

4 SM4JXG 

JO 

7 861231 

6 SM5PAX 

JO 

3 850930 

8 SM3CWE 

JP 

2 861231 





1 SM3CWE 

JP 

158 86123) 

4 SM6INC 

JO 

109 860331 

7 SMOHTO 

JO 

52 851230 

10 SM3CVM 

JP 

24 861012 




21 MHZ 

2 SMOCCE 

JO 

153 850122 

5 SM5ACQ 

JO 

95 850930 

8 SMOLH 

JO 

44 860209 

11 SM5CAK 

JO 

10 860921 





3 SM7WT 

JO 

131 850129 

6 SK6AW 

JO 

72 870331 

9 SM4JXG 

JO 

38 861231 







24 MHZ 

1 W1JR 

FN 

25 870330 

3 SMOHTO 

JO 

5 851230 

5 SM5ACQ 

JO 

4 861202 

7 SMOLH 

JO 

1 860209 




2 SM6INC 

JO 

8 860331 

SM4JXG 

JO 

5 861231 

6 SM7BDB 

JO 

2 850922 

SM3CWE 

JP 

1 861231 





1 DF2NJ 

JO 

159 851111 

5 SMOCCE 

JO 

126 850122 

9 SMOHJV 

JO 

93 860917 

13 SMOJXA 

JO 

21 861101 





2 SM6UF 

JO 

143 850909 

6 SM3CWE 

JP 

123 861231 

10 SM5ACQ 

JO 

53 850930 

14 SM4JXG 

JO 

12 861231 




3 SMOHTO 

JO 

139 851230 

7 SM6INC 

JO 

111 860331 

11 SK6AW 

JO 

47 870331 

15 $M5CAK 

JO 

9 860921 




■Hi 

4 SM7LXV 

JO 

127 850630 

8 SM7WT 

JO 

108 850129 

12 SMOLH 

JO 

32 860212 

16 SM3CVM 

JP 

5 861012 




50 MHZ 

1 WAIOUB 

.FN 

46 860801 

2 NOLL 

EM 

41 861106 

W1JR 

FN 

41 870330 | 4 KA9MGR 

EN 

16 860331 

5 JQ1GTC 

QM 

5 861212 


1 SM7BAE 

JO 

45 870214 

SM2GGF 

KP 

37 850622 

9 YU3ZV. 

JN 

32 831231 

0Z1EME 

JO 

31 841224 

17 OH7PI 

KP 

28 831231 

144 MHZ 

2 VE78QH 

CN 

42 870113 

6 Y22ME 

JO 

36 861231 

WA1JXN 

DN 

32 840508 

14 SM4IVS 

JO 

30 840609 

W5UN 

DM 

28 840428 

3 K1WHS 

FN 

38 840930 

7 YU3WV 

JN 

35 870331 

F6CJG 

JN 

32 850110 

WA4NJP 

EM 

30 840903 

KD8SI 

EM 

28 850116 


4 DL8DAT 

JO 

37 850304 

8 SM4GVF 

JO 

34 860930 

12 F6BSJ 

JN 

31 840903 

16 KB7Q 

DN 

29 851231 

OK1MS 

JO 

28 850331 


1 W1JR 

FN 

10 870330 

2 KA9MGR 

EN 

4 860331 











1 K2UYH 

FN 

33 850331 

5 WB5LUA 

EM 

28 840428 

9 VE4MA 

EN 

23 830331 

13 K1FO 

FN 

19 850318 

17 DF9CY 

JO 

10 830627 

432 MHZ 

DL9KR 

JO 

33 861001 

6 W7GBI 

DM 

27 840505 

10 SM6CKU 

JO 

21 821231 

Y22ME 

JO 

19 861231 

18 OZ3ZW 

JO 

7 850630 

3 YU) AW 

KN 

30 860407 

7 OK1KIR 

JN 

26 850221 

S01MN 

JO 

21 860617 

15 SMODJW 

JO 

18 851231 

SM6FYU 

JO 

7 860331 


4 W1JR 

FN 

29 870330 

SM3AKW 

JP 

26 861231 

12 OH6NU 

KP 

20 821231 

16 W7HAH 

DN 

12 860314 

20 SMOBYC 

JO 

6 841231 

902 MHZ 

1 W1JR 

FN 

2 870330| 













t K2UYH 

FN 

20 850331 

W7GBI 

DM 

13 840505 

0E9FKI 

JN 

7 850331 

SMODJW 

JO 

5 851231 

W1JR 

FN 

4 870330 

1.3 GHZ 

2 OK1KIR 

JN 

17 850221 

6 SM6CKU 

JO 

12 821231 

OZ32W 

JO 

7 850630 

SM3AKW 

JP 

5 861231 

18 K1FO 

FN 

3 850318 

3 OE9XXI 

JN 

16 850331 

7 YU1AW 

KN 

11 860407 

11 DL7YC 

JO 

6 840411 

15 SMOPYP 

JO 

4 830331 

SK5EW 

JO 

3 850331 


4 WB5LUA 

EM 

13 840428 

8 W6YFK 

CM 

7 840506 

12SM6HYG 

JO 

5 821231 

SM4AXY 

JO 

4 831231 

SM6NJC 

JO 

3 850630 

2.3 GHZ 

1 W4HHK 

EM 

4 850304 

3 SM6HYG 

JO 

3 830331 

5 0K1KIR 

JN 

2 850221 

7 PAOSSB 

JO 

1 821231 

WA4HGN 

EM 

1 840505 

0E9XXI 

JN 

4 850331 

W6YFK 

CM 

3 840506 

W1JH 

FN 

2 870330 

WB5LUA 

EM 

1 840428 

OZ1CFO 

JO 

1 850626 

3.4 GHZ 

1 SM6HYG 

JO 

1 850914 













5,7 GHZ 

1 SM6HYG 

JO 

1 850914] 

OZ1CFO 

JO 

1 850930 










10 GHZ 

1 SMODJW 

JO 

2 850630 

YU1AW 

KN 

2 8GO205 

3 SM6MYG 

JO 

1 850914 

SM7ECM 

JO 

1 890930 

W1JR 

FN 

1 870330 


This list shows the number of fields worked according to Hie Maidenhead Locator system. A field is a block of 20 u {longitude) x 10° {latitude). Rules: 1 All fields must have boon worked 
via passive reflectors. 2. All stations involved must bo on the earth's surface. 3. QSL cards are not required if you are sure that the other station considers thoQSO complete. 4. All QSO's must 
hove been worked from points within a circle o< 1000 km radius. 5. Thcro is no starting time foi contacts to bo eligible. A world map showing the 324 fields can bo found In "The Radio Amateur’s 
World I locator) Atlas", that normally should be available at your national amateur radio society. 

Compiled quarterly since 1982, the list shows the situation on March 31, June 30, September 30 and December 31 ol 2400 UT. Please send your info as soon ifs possible after each date to 
SM5AGM, Folko Rosvall, VastorSkarsringen 50, S-184 00 Akersberga, Sweden. Tel. 0754-27638. 
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We’ve Got Books 
Plenty of Books 

Send SASE for free flyer 

Ham Radio’s Bookstore 

Greenville, N. H. 03048 


TELL YOUR FRIENDS 
about 

ham 


SCOPE BUY-OUT!!! 


radio 


OS-106/USM-117 PORT¬ 
ABLE SCOPE, rugged ^ 

military DC to 6 MHz 
unit with MX-2996 
high-gain plug-in. 

Sweep 0.1 us to 0 1 sec 
in 19 steps. Sensitivity 
0.01 to 20 V/div in ii 
steps, 115 VAC 60 Hz; 

8.5x9.8x15, 20 lbs sh 

Used-reparable. . JMS $115 Checked ..^3W"S175 

OS-106 with MX-2995 dual-trace plug-in (less MX- 

2996). reparable.$165 Checked.$225 

MANUAL lor USM-117, partial repro..,.......$15 

MANUAL for MX-2995. partial repro..$12 

Prices F.0,8. Lima, 0. ♦ VISA, MASTERCARD Accepted. 
Allow tor Shipping - Write lot latest Catalog Supplement 
Address Dept, HR * PhonB: 419/227-6573 


FAIR RADIO SALES 

3016 E. EUREKA • Bo* 1105 • LIMA, OHIO ■ 45003 


^ CADDELL 
V COIL CORP. 




35 Main Street 
Poultney. VT 05764 
802-287-4055 


BALUNS 

Get POWER to your antenna! Our Baiuns are 
already wound and ready for installation in your 
irgnsmatch or you may enclose them in a 
weatherproof box and connect them directly at 
the antenna. They are designed for 3*30 MHzop 
oration (See ARRL Handbook pages 19*9 or 

6-20 for construction details.) 

100 Wall (4:1,fi t. 9:1, oi »:i impcdence—tjeffcci onci tto.so 

Universal Traitsmntcb 1 KW{4;1 fmprdcneo) 14.50 

Universal transmnich 7 KW(4:1Imperlence) 1? 00 

UnlveiMl Tranamatcti 1 KW (0:1.9 1, or 1,1—suttee! one) tf) OO 

Universal Trnnwnatch ?KW(6:1.9;1. or 1.1— select one) tB.50 

Please send large SASE for into 
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DX FORECASTER 

Garth stonehocker, koryw 


summer thunderstorm 
noise 

At any given moment an estimated 
3600 thunderstorms are in progress 
around the world. They can be classi¬ 
fied as air mass, frontal, or orograph¬ 
ic, depending on how they are formed. 

The main source of summertime 
QRN is the air mass thunderstorm, 
which builds up from the sun's heat¬ 
ing the ground and the air above it. 
Most air mass storms form in after¬ 
noons when the humidity is above 50 
percent, and last into the night before 
cooling off enough to dissipate. Air 
mass thunderstorms linger for several 
days until rain releases their moisture 
or they slowly move on. During the 
evening DXing hours, air mass thun¬ 
derstorm QRN may limit the usefulness 
of low-band signals to local ragchew- 
ing and rule out, for the most part, 
weak-signal DX. This QRN, propagat¬ 
ed from the equatorial land regions, or 
closer, increases the overall average 
noise level on the 80- and 160-meter 
bands which — except for a small peak 
at about 10 MHz — decreases as fre¬ 
quency is increased. 

The noise can be minimized by care¬ 
ful operating practices. First, try to 
decrease the receiver bandwidth. You 
can go narrower until the signal you 
are demodulating becomes so distort¬ 
ed that readability is affected. 

Then, by taking advantage of the 
directional properties of beam anten- 


fr 


nas (either parasitic or driven), you can 
improve overall signal-to-noise ratios 
by literally steering clear of the major 
noise source locations. The tropical 
areas where the noise is mainly gener¬ 
ated are concentrated over the land 
masses. Consulting a world map, look 
from your QTH toward land mass 
areas between the equator and the 
23rd degree meridian. From the East 
Coast of the United States, this would 
be parts of Africa (longitude 10 de¬ 
grees West); from the southern states, 
parts of Central America (longitude 75 
degrees West); and from the western 
United States, Southeast Asia (longi¬ 
tude 120 degrees East). If you can 
avoid pointing your beam at these 
areas, you can help minimize noise 
pickup. In fact, if you can get the back 
of the antenna pointed in that direc¬ 
tion, you can use the front-to-back 
ratio (typically 15 dB) to further 
decrease noise pickup. This may mean 
working a DX country over the long 
path or over the Pole. If the ionosphere 
will support propagation in that direc¬ 
tion and no geomagnetic field distur¬ 
bance is occurring, you may find that 
the solution to some of the summer 
noise problems. 

last-minute forecast 

The lower frequency bands are ex¬ 
pected to be at their best the first two 
and a half weeks of the month. Solar 
flux should be low at this time, lead¬ 
ing to better signals on east-west paths 
to Europe and Japan. Geomagnetic 
disturbances, possible from the 6th to 
10th, may reduce MUFs on these 
paths so that only 80 and 160 meters 
are available, showing weak signals 
and QSB. The last two weeks of the 
month are the higher frequency bands' 
time to shine. Solar flux is expected to 
be highest then; MUFs should also be 
highest, making long-skip possible at 
this time. Of course, this is the month 
when numerous short-skip sporadic E 
openings are possible, with their sub¬ 
sequent positive effect on the higher 
bands. Check WWV at 18 minutes 
after the hour or the Space Environ¬ 
ment Services Center (SESC) com¬ 


puter bulletin board (303 497-5000) to 
verify the solar and geomagnetic data.* 

A full moon will occur on the 11th; 
perigee (closest approach of the 
moon) is also on the 11th. The 
Aquarids meteor shower begins on 
July 18, peaks on the 28th, and lasts 
until August 7. (All dates are approxi¬ 
mate, but close.) The radio-echo rate 
at maximum is about 34 per hour. 

band-by-band summary 

Six-meter paths will open for half an 
hour to a couple of hours on some 
days around local noon. Sporadic E 
propagation will make this short-skip 
path possible out to nearly 1200 miles 
per hop. 

Ten, fifteen, twenty, and thirty 
meters will support DX propagation to 
most areas of the world during the 
daylight hours and into the evening 
with long-skip out to 2000 miles per 
hop. Sporadic E short-skip will also be 
available on many days for several 
hours around local noon. The direction 
of propagation will follow the sun 
across the sky: east in the morning, 
south at midday, and west in the even¬ 
ing. Long daylight provides many 
hours of good DXing. Solar flux is low 
this year, so daytime absorption allows 
higher signal strengths than usual on 
these bands during this month. 

Thirty, forty , eighty, and one-sixty 
meters are the nighttime DXer's 
bands. On many nights, 30 and 40 
meters will be the only usable bands 
because of thunderstorm QRN. Try 
the pre-dawn hours for best DX. The 
direction of propagation follows the 
darkness path across the sky: to the 
east in the evening, south around mid¬ 
night, and toward the west in the 
pre-dawn hours. Skip distances will 
decrease to 1000 miles. Sporadic E 
openings will be observed most fre¬ 
quently around sunrise and sunset. 
These may be the only signals getting 
through the noise in the evening. Once 
again, because of the low solar flux, 
daytime DX — particularly in the 
mornings — may be good this month. 


*See "DX Forecaster," May, 1987, page 105. 
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PDT 

WESTERN USA 

N NE E SE S SW W NW 

t/ — \1\ 


MDT 

MID USA 

N NE E SE S SW W NW 

t/ - \\ 

CDT 


EOT 

EASTERN USA 

N NE E SE S SW W NW 

t/ - \1 

The italicized numbers signify the bands lo try during the transition and early morning hours, while the standard type provides MUF during '‘normal" hours 

‘Look at next higher band for possible openings. hafTT fQdlO 
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REVIEWS 


the versatile PAKRATT 

Amateur Radio is really dozens of hobbies in 
one, with communication by radio the common 
thread. Some of us are dedicated to only one 
aspect — DXing, for example. Others want to 
sample many areas. If you're one of the latter, 
and have an interest in digital communications, 
the AEA PK-232 may be for you, particularly if 
you already have a computer with an RS-232 
serial port. 



The PK-232 works on Packet, AMTOR, RTTV, 
and CW on both hf and VHP. By the time you 
read this, AEA will be shipping an upgrade kit 
that will let you add software for decoding 
weather facsimilie signals, too. 

When RTTY was young, I had a teleprinter 
that weighed more than I did. With the advent 
of the microcomputer revolution, RTTY has be¬ 
come much simpler — nowadays it doesn't take 
much more than a computer and an appropri¬ 
ate interface. One of the more versatile interface 
designs is the AEA PK-232 Controller. Weigh¬ 
ing in at about 3 pounds, it decodes Packet. CW. 
RTTY, and AMTOR signals. Connect it to any 
computer with an RS-232 serial port, and you're 
in the digital end of ham radio. 

The PK-232's operating manual covers just 
about anything you need to know, including the 
standard advice to "Read the entire manual be¬ 
fore you begin . . . ." What ham is ever going 
to do that? Fortunately, there's a section titled 
"Quick Start Installation," and that's where I be¬ 
gan. The instructions on how to connect the 
PK-232 to my pc clone and to my radio are clear 
and easily followed. 

The manual also includes a helpful appendix 
of Instructions for connecting the PK 232 to 
several of the most popular radios. Though this 
appendix wasn't referenced in the Quick Start 
chapter, I found it on my own after f'd hooked 
up my handheld. 

For a computer to act as a terminal, a termi¬ 
nal emulation program is required. I began with 
a 300 baud Dumb Terminal program. The 


PK-232 defaults to 1200, but I sent a couple of 
asterisks and the PK-232 adjusted to 300 baud 
automatically. (It handles 110 to 9600 baud, with 
the rate set by command.) 

Using the cables supplied, I hooked the 
Pakratt to my VHF handheld. With just a Rub¬ 
ber Duck for an antenna, I was able to copy one 
side of a QSO. (I'll use the call "W4AAA" as 
an example.) When the QSO ended, I typed "C 
W4AAA" and a couple of seconds later my 
screen showed CONNECTED W4AAA"I 
That was almost as good as my very first QSO, 
(a l-o-n-g time ago.) It was brief. I 
"DISCONNECT-ed" and read more of the man¬ 
ual, discovering that I needed three small flash¬ 
light batteries in the unit to make sure it 
remembered my call and my choice of baud set¬ 
tings as well as other parameters. 

Hooked up to an outside whip, I could hear 
several stations on the handheld, so I tried con¬ 
necting to myself through a digipeater. Any 
Packet station, of course, can act 
as a digipeater (unless it's told not to), so I typed 
in "C VE3ZL VIA W4AAA" and got "* ** CON¬ 
NECTED." I checked six or seven more stations 
and found that two or three of them were ac¬ 
cessible as digipeaters. 

In my ordinary Amateur operating, I do a lot 
of listening. The same was true when I started 
using the PK-232. A front panel switch lets you 
switch between two radios at will (in my case 
the VHF handheld and my SSB hf rig), so after 
listening to Packet for awhile on 145.01 MHz, 

I switched to the hf rig and copied some hf Pack¬ 
et on 20 meters, I was pleasantly surprised to 
find how easy it was to tune hf signals using the 
front panel bargraph LED indicator. And the 
PK-232's ability to copy weak-signal CW was 
better than I expected it would be. 

Operating the PK-232 is fun, and although it's 
easy to go from any one mode to another, I find 
that most of my operating is on RTTY on 20 or 
Packet on 2 meters. 

If you're already active on Packet, you may 
have noticed a message about the PK 232 on 
some bulletin boards indicating that the wide 
shift 0000 Hz) used by the PK 232 in RTTY 
mode isn't authorized by the FCC. This is not 
so. Part 97.69 (a)(2) of the lastest FCC rules per¬ 
mits 1000 Hz shift — so not to worry! 

The PK 232 uses a Z-80 microprocessor, with 
software in PROM's. Twonty indicator LED's on 
the front panel let you keep tabs on what's go¬ 
ing on. 

The PK-232 is priced at $319.95 (Amateur 
Net). It takes 12 VDC at about 0,7 amp. A pow¬ 
er adapter is available for $25.00. 

For more details, contact Advanced Electronic 
Applications, Inc., P.O. Box C-2160, Lynnwood, 
Washington 98036. 

- VE3ZL 

Circle #301 on Reader Service Card. 

shirt pocket multimeter 

Like most Hams, I'm a sucker lor neat little 
gadgets. So when Eaglestone, a division of Siber 


Hegner of North America, sent me one of [heir 
new Ishii Checkman DM-1000 multimeters for 
review, I jumped at the opportunity. 



Over the years I’ve used plenty of different 
multimeters — from the heaviest analog, drop-’- 
emfrom-the-Empire State-Building-and-they'll- 
stifl-work-units to handheld models with digital 
LCD readouts. What makes the Ishii Checkman 
unique is that it's the first one that I've seen that 
will actually fit in my shirt pocket, yet can still 
be regarded as a commercially reliable instrument. 

Weighing in at just 100 grams and measuring 
only 4 1/2x3x1/2 inches in size, the Check- 
man is a three-function tester; you can meas¬ 
ure dc volts, ac volts, and resistance. The dc volt 
range is from 200 mV to 500 volts, with an ac¬ 
curacy of ±2 percent at 200 mV and 1,3 per¬ 
cent at 500 volts. Its ac volt range is 2 to 500 
volts at 2.3 percent accuracy, from 40 to 500 Hz. 
Resistance can be measured from 200 ohms to 
20 megohms, with an accuracy of 2 percent at 
200 ohms and 10 percent at 20 megohms. 

All ranges are automatically set by the meter. 
Input impedance is 12 megohms at 2 volts and 
11 megohms for other ranges. Operating on the 
principle of dual slope integration, the meter 
samples the circuit undertest twice per second, 
indicating its readings on a 3,5 digit LCD readout 
measuring 10 m high. 

In tests run using an analog VTVM and 
another digital multimeter as a control, the 
Checkman compared favorably. The margin of 
difference between the three units was insignifi¬ 
cant in each test. 

This is a neat little meter. It weighs practical¬ 
ly nothing and really wilt fit in your shirt pocket. 
Technicians will find it easy to carry all day on 
the job; you'll no doubt appreciate its small size 
and portability, too. 

Covered by a 30 day, money back guarantee 
and a full one-year warranty, the Checkman is 
available from Eaglestone, 84 Research Drive, 
Milford, CT 06460. 

- N1ACH 
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IC-735 

IC-735 Gen. Cvg. Xcvr 
iC-75lAGen Cvg. Xcvr 
R7000 Gen. Cvg. Rcvr. 

R71A Gen. Cvg. Rcvr. 
(C-27A/H FM Mobile 25w/45w 
IC-28A/H FM Mobile 25w/45w 
IC-37A FM Mobile 25w 
IC-47A440 Mobile 25w 
fC-04AT UHF HT 
IC-48A UHF 45w 
IC-38A FM Mobile 25w 
IC*02AT FM HT 
IC-M2AT Micro HT 


List 

$999.00 
1649.00 
1099.00 
949 00 
429/459 
429/459 
499.00 
549.00 
449.00 
459.00 
459.00 
399.00 


Juris 
Call $ 
Call $ 
Calls 
Call $ 
Call$ 
CallS 
Calls 
Calls 
Calls 
Call S 
Calls 
Calls 


329.00 Call S 





TS-440S/AT 
TS-940SAT Gen. Cvg. Xcvr $2249.95 

TS-430S Gen. Cvg. Xcvr 819.95 

TS-711A All Mode Base 2Sw 899.95 

TR-751A All Mode Mobile 25w 599.95 

TM-2018 FM Mobile 45w 369.95 

TM-2530A FM Mobile 25w 429.95 

TM-2550A FM Mobile 45w 469.95 

TM-2570A FM Mobile 70w 559.95 

TH 205 AT, NEW 2m HT 259.95 

TH-215A, 2m HT Has It AH 349.95 

TH21BT2MHT 259.95 

TH310T 220 HT 269.95 

TH410T 440 HT 269.95 
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CallS 
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FT 757GX 

FT-757 GX Gen. Cvg. Xcvr 
FT-76 7 4 Band New 
FT-270RH FM Mobile 45w 
FT-290R AH Mode Portable 
FT-23 R/TT Mini HT 
FT-209RH RM Handheld 5w 
FT-726R Ail Mode Xcvr 
FT-727R 2M/70CM HT 
FT2700RH 2M/70CM 25w 


995.00 
1895.00 
439 95 

579.95 

299.95 

359.95 
1095.95 

479.95 

599.95 
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CallS 
CallS 
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TOWERS 

by ALUMA 


B0 H. 
Crank- 
Modal 


HIGHEST QUALITY j 
ALUMINUM J; 

Jkltirh WO 

up * TELEMOPIMhCRANK-uPi 
T-6Q-H ♦ GUYED iS!ACK-UP) 

♦ TILT-OVER MODELS 
Easy to install. Low Prices. 
Crank-ups to 100 ft. 

EXCELLENT FOR 
AMATEUR COMMUNICATIONS 


m 

-ID 1 Ahtn 
CrtrtX Up 
Model HID 


Mobile 

Trailer 


Mobile 

Truck 

Type 



Ovor 36 lypirs aluminum 
and sieei lowers mad« ■ j-- 
specials dL*$it}ncd and * 
madv—wHU? lo» details 


SPECIAL 

Four S*cllon 50 FI. 
V»n Mounled Crank-Up 
Alumn Towirr 


Fixed an* 


ALUMA TOWER CO. 

BOX 2806HR 

|B VERO BEACH, FLA. 32960-2806 
It (305) 567-3423 TELEX 80*3405 
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SPECIALIZED 

COMMUNICATIONS 

FOR TODAY S RADIO AMATEUR! 


ISPEC'COM 


48 

pages 

per 

issue! 



I J T I " • • • * _ -Jl - 


Since 1967, covering all modes of 
A ni a I e ti r R a d i o ‘•specially** 
com mu n ica turns; I’ast Scan TV* SSTV, 
FAX, Packet Radio, Computers, RTTY, 
AiWTOK. Satellites* TVKO, Microwave, 
leasers and more! 10 issues per year. 
Back issues available, SASK brings 
TRS80C, C64, IBM software catalog. 
U.S. subscribers $20/vcar. Foreign 
slight tv higher. Add $2.00 for Index 


SPEC-COM Communications & 
Publishing Group 
P.O. Box H, —g- n 

Lowden, Iowa 

52255 5 A<W0,) 



products 


220-MHz HT 

Yaesu U.S.A. has introduced the FTT09RH, 
a 5-watt, 220 MHz handheld transceiver. The 
FT-109RH joins the popular 2-meter FT 209RH 
2 and the 440 MHz FT-709R handhelds. 

The FT109RH covers the frequency range of 
220 to 224.995 MHz in 5- or 10 kHz steps. All 
features of previous models are incorporated, in¬ 
cluding the exclusive Yaesu battery saver, ten 
memories, standard or non-standard offset, as 
well as memory and priority scanning. The unit 
comes equipped with a DTMF tone generator; 
a front panel multimeter indicating battery con¬ 
dition, transmitter power output, or received sig¬ 
nal strength; and a VOX system fot hands free 
operation. All optional accessories are inter¬ 
changeable with other units in the FT-109, 209, 
709 series, including a VOX headset, speak 
er/miu. programable tone squelch, dc car adapt¬ 
er, quick/trickle desk charger, and a durable 
leather case. 

For details, contact Yaesu U.S.A. Amateur 
Products Division, 17210 Edwards Road, Cerri¬ 
tos, California 90701 

Circle #303 on Reader Service Cord. 

new compact speaker 

MFJ Enterprises, inc. has announced the re¬ 
lease of its MFJ-280, a high quality compact 
speaker for only $18.95. 

This unit is a rugged, compact mobile speak 
er with a lilt bracket on a magnetic base. It 
comes with a 3-1/2-mm phone plug on the end 
of a long cord arid works well with all 8 and 
4 ohm impedances and can handle up to 3 warts 
of audio. Its dark gray color harmonizes with 
nearly all rigs. 

This MFJ produci comes with MFJ’s double 
guarantee. If ordered from MFJ, it may be 
returned wilhin 30 days for a full refund, less 
shipping. MFJ also backs this product with irs 
one-year unconditional warranty. 

For more information, contact MFJ Enter¬ 
prises, Inc. P.O. Box494, Mississippi State, MS 
39762. 

Circle #302 on Reader Service Cord, 

PCPLOT version 3 

BV Engineering has just released version 3 of 
its PCPLOT high resolution graphics program. 
Now PCPLOT nor only makes linear and logarith 
nirc plots, but will also plot line graphs with error 
bars, slock market charts, bar charts, and 
stacked bar charts. PCPLOT supports two in 







































dependent Y-axes which can be scaled to differ¬ 
ent data sets. Data points can be connected with 
dotted, dashed, or solid lines. Open plots, grid 
lines, or tick marks may be specified. You can 
mix line graphs, bar charts, stacked bar charts, 
stock market charts, and error bars on a single 
graph. X and V data may be separately scaled. 
Legends can be specified on an individual data 
file basis. Alphanumeric labels can be placed 
anywhere on the plotting surface. AUTO fea¬ 
tures enable PCPLOT to take instructions from 
a file instead of the keyboard. 

PCPLOT is compiled in machine code to run 
quickly. A complete semi-log graph of two data 
files, each containing 200 data points, takes only 
1 minute on a stock IBM PC. 

PCPLOT Version 3 sells for $95.00 and runs 
on the PCDOS and MSDOS operating systems. 

For information, contact BV Engineering, 2200 
Business Way, Suite 207, Riverside, California 
92501. 

Circle #306 on Reader Service Card. 

new QTH for Kenwood 

Because of Kenwood's growth over the last 
several years, it has become necessary to move 
into a new, larger facility. The building spans 
over ten acres in Carson, California and employs 
200 in the warehouse and offices. 

This move represents the final phase of Ken¬ 
wood's consolidation process, in which Kenwood 
Electronics and Trio-Kenwood Communications 
will be joined by a new division, the Test Equip¬ 
ment Group. Collectively, the communications 
and test instruments sections will create a new 
group within the Kenwood Corporation, called 
the Communications and Test Equipment Group. 

The new office is located at 2201 East Domin¬ 
quez Street, Carson, California 90810. 

ultralinear amplifier 

WI-COMM Electronics' "Superlam" series 
now includes the»WLA06M Wideband Ultralinear 
Amplifier, a broadband, feed-forward amplifier 
covering the frequency range from 0.4 to 80 
MHz. This unit employs a field-proven, feed¬ 
forward linearization technique to achieve distor¬ 
tion performance equivalent to a 100-watt linear 
power amplifier. The 3rd order and 2nd order in¬ 
tercept points are typically 62 dBm and 95 dBm, 
respectively. A linear output power of 1 watt can 
be delivered into a 50-ohm load with 20 dB of 
gain. Noise figure is 6 dB and VSWR is better 
than 1.5:1. Standard powering is 25 ±1 VDC, 
600 MA. 

The amplifiers are housed in a die-cast blue 
aluminum case with BNC female connectors. 
The unit is particularly suitable for signal distri¬ 
bution networks, receiver multicouplers and in¬ 
termodulation testing. 

For more information, contact WI-COMM 
Electronics Inc., P.O. Box 5174, Massena, New 
York 13662. 

Circle #304 on Reader Service Card. 


cable and connector guide 

Nemal Electronics International has released 
its new 1987 Cable and Connector Selection 
Guide. The 36-page guide includes more than 
100 new cable and connector products cover¬ 
ing a wide array of rf coaxial, microwave, broad¬ 
cast, communications, and data applications. 
Extensive cross-references and illustrations 
simplify selection of the appropriate cable, con¬ 
nector and tooling for any application. The guide 
also includes information on the design and 
production of Nemal's line of Cable Assemblies. 

For a copy of the guide, contact Nemal Elec¬ 
tronics, Inc., 12240 N.E. 14th Avenue, North 
Miami, Florida 33161. 

Circle #307 on Reader Service Card. 

repeater controller 

The new S-COM !'5K" repeater controller is 
a low-cost, compact addition to S-COM's line 
of repeater controllers. The state-of-the-art 
CMOS microprocessor design supports both a 
repeater and a control receiver, and requires only 
60 mA at 12 Vdc. Applications include control 
of main site repeaters, remote receiver links, 
portable repeaters, and emergency repeaters. 

Operating parameters such as ID callsigns, 
courtesy message, timeout timer, pre- and post¬ 
timeout messages, CW pitch, and CW speed, 
are remotely programmable via DTMF com¬ 
mands, eliminating trips to the repeater site for 
programming changes. Data is retained in non¬ 
volatile memory. Three logic inputs and three 
logic outputs are provided for site control and 
monitoring purposes. 



Among other features are CW shaping, a 
watchdog monitor/flexible repeater interfacing, 
a CW clock and calendar, DTMF muting, secur¬ 
ity passwords, a "polite" identifier, transient 
protection, power MOSFET outputs, and high- 
quality G10FR glass epoxy PC board. The board 
measures 5 1/2 by 6 inches, with the tallest com¬ 
ponent only 1/2 inch above the board. 

Options include full 1C socketing, a 1 3/4 x 
19-inch rack mount cabinet, a wall-mount power 
supply, and an audio delay module. The assem¬ 
bled and tested board, with all connectors and 
manual, is priced at $179. 

For information, contact S-COM Industries, 
P.O. Box 8921, Fort Collins, Colorado 80525. 

Circle #308 on Reader Service Card. 


You NAME IT. 

WE’VE GOT IT! 

Ai Consolidated Electronics Inc. we carry over 10.000 
pads arid products sued as; fuses, semiconductors, 
batteries, capacitors, resistors. wire, cables, connectors, 
antennas, chemicals, speakers, test equipment, solder¬ 
ing equipment, styti and cartridges, video heads, 
telephone accessories, ana more Consolidated 
Electronics is an authorized distributor tor 
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*22.50R NEW 
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BEAM MOUNT 


BMl 
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*249.50 
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PO-1 
Putty Kit *0.50 


SO-3 
Commands! 
Antenna 
Standoff *99.50 

NEW FREE CATALOG NOW AVAILABLE 

MX EQUIPMENT LTD. 

P.O. Box 9 Oaklawn, IL 604S4 
(312) 423*0605 
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1986-87 CALL DIRECTORY 
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Name Index 
Geographic Index 

All three — S20 
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RUTLAM3 I ARRAYS 

PRESENTING 

THE FINEST 432 MHZ 
ANTENNAS AVAILABLE 

NOW AVAILABLE: FO-33 17.9 DBO GAIN 33EL 
24 FT $159.95 

THE FO-22 15.8 DBO MEASURED GAIN 
22EL 14FT $76.64 

AN OUTSTANDING ANTENNA FOR EME-WEAK 
SlGNAL-TROPO 

THE RIW-19 14.9 DBD MEASURED 
GAIN 19EL 13FT $69.95 
FOR EME—TROPO—ATV 
Assombly lime I hi per antenna 
Add S6 UPS. S/H lor single ot pair ol antennas. SB west 
of the Mississippi (Vi residents add 6% stale lax 

ALSO At/AllABlF Pnwer Orvrdnrs—Stacking Irames 
Write lor details and Puce Sheet 

RUTLAND ARRAYS ^ zt3 

1703 VvARREN STREET 
NEW CUMBERLAND, PA 17070 



SSB ELECTRONIC TRANSVERTERS & PREAMPLIFIERS 

iT?S 

144/20 XVR1R 20W Ga Asfer 00 M 


LT33S 

%2/H4 Xvrir 20W GaAsfcl 

$599 

LT23S 

1296/M4 Xvrtr lOWGMsiei 

$549 

MICRO 13 

23(14/144 XVRTR 0.5W GaAsiei 

,$429 

MICRO-X 

10368/U4 Xvrtr 0 1W GaAsicl 

S599 

□X 

series law noise GaAslet preamps li(mi$1?9 

MV 

series masi mounted GaAslel preamps$l99 

K 

senes rx cnvirs GaAslct CBM irom 

SI 29 

TRANSVERTERS UNLIMITED 


1220/28 

220MRzXvrir28 or 50 if. 20 W 

S220 

T 144/26 

144 HluXvrU 28 or 50 IF. 25 W 

$199 

PA33200 

90? MH2 2 lube PA. 200W 4 

$499 

PA23150 

I2962tuhe PA. 150 ♦ W 

$449 

PA1325 

2304 1 lube PA. 25 + W 

$429 

HF40U 

High power relay 2Kw n| 144 MHz 

$129 

| RK500 

Medium power relay 1KW ai 144 MH? 

$ m 

Cat! or write to; catalogue. 


TRANSVERTERS UNLIMITED TRANSVERTERS UNLIMITED 

BOX 62f!G STATION A (US) 

fORONTO. ONTARIO , P.O 60X178 


CAMA0A MSW tP3 NEW 80ST0N. NH 03070 , 

1416)759-5562 
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IF YOU BUY, SELL 

OR COLLECT 

OLD RADIOS, *** 

YOU NEED ... tgJznm 

Antique Radio’s 
t srgBst-Circulation j " 

Monthly Magazine - _ 

ANTIQUE RADIO CLASSIFIED 

Articles - Classifieds * Ads for Paris & Sen/ices. 
Also: Early TV, Ham Equip., Books, 
Telegraph, 40’s & 50's Radios & more... 

Free 20-word ad each month Don 1 miss out! 

Sample - Free. 6-Month Trial * $10. 

1 - Year: $ 18 ($24 by 1 st Class). Foreign - Write. 
A.R.C., P.O. Box 2-A2, Carlisle. MA 01741 

^ 215 


MADISON 

Electronics Supply, Inc. 

3621 Fonnin St. • Houston, Texas 77004 


COOPER 

INDUSTRIES 


BELDEN 


9ELOEN 

99 13 low loss, solid center conductor, foil 8 braid 

shield - excellent product. 45c/ft 

8214 RG8 loom .43c4t 

8237 RG8 ..... . . 40c/K 

8267 RG213 . 52cflt 

8262 RG-58 c/u milspec. 16etf1 

8000 14ga stranded copper onl wire 13cfft 

8448 8 conductor ‘otor cable.31^/tl 

9405 as above but HD-2-l6ga. 6-18ga .52911 

8403 Mic cabfe 3 condctr & shield.80ertt 

100 feel 8214 wtends installed.45 00 

9258 RG8X.W/fl 

POUC1ES—MASTERCARDS, VISA or CO.D. 

All prices F08 Houston, Texas, excopl as noied 
Prices subject to change without notice subjeci !o 
prior sale Used goaf sale price refunded If not 
satisfied Caft anytime ia check status of your ordet 
Texas residents add sales tax 


FOR MORE INFORMATION CALL 


outside Texas 

1 - 800 - 231-3057 

Texas and oufsrcfe US. 

1 - 713 - 520-7300 


This publication is 
available in microform 
from University 
Microfilms 
International. 



! PJnfJso sond information Hboul Ihnjui tit lea; 


Name____ 

Comptiny/tnstjtuijtin _ 


Address.......... 

Cuy,...... . .. 

Sltittr_.._Zip.... 

PhonoL. ! ... ... . 

Cnti loli-Iree B00>S2l.3tM4 In Michigan, 

AJnska end IlmvftK r^|J colled 413.761-4700. Or 
mad intjuirv lu University Microfilms Inlormitlnnnl. 
300 North 7>eeij Ruud. Aim Artxir. Ml 40106 
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spring catalog 

Heath's colorful new catalog features more 
than 400 electronic kit products, including a 
9-inch diagonal color television, a new security 
light control, special savings and a Partnership 
Pack gift offer that's free with every computer 
purchase. 

For a free copy, contact Heath Company, 
Dept. 150-925, Benton Harbor, Michigan 49022. 
{In Canada, contact Heath Company, 1020 
Islington Avenue, Toronto, Ontario M8Z 523. 

Circle /309 on Render Service Card. 

tone output switch module 

Communications Specialists, Inc. is now offer¬ 
ing a Tone Output Switch Module as an add¬ 
on accessory for their TP-38 Shared Repeater 
Tone Panel. Dubbed the TP-TOS, this new ac¬ 
cessory provides individual discrete switch out¬ 
puts for the standard 32 tone frequencies from 
67.0 to 203.5 Hz. The 32 outputs can be con¬ 
figured to provide either a pull to logic ground, 
a pull to logic high, or to route an audio signal 
to another transmitter, receiver, tape recorder, 
etc. The TP TGS is available on new TP-38's or 
may be factory retrofitted into existing units. 
Priced at $99.95, the TP-TOS is in stock and is 
covered by a one-year factory warranty. A cata¬ 
log is available on request. 

For details, contact Communications Special¬ 
ists, Inc., 426 West Taft Avenue, Orange, 
California 92665. 

Circle /3T0 on Pender Service Card. 

six-digit jumbo LED clock 

Model 1036 has 12- or 24-hour display capabil¬ 
ity with six 2.25-inCh red LED digits. The battery- 
backed up quart 2 crystal rime base automatically 
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takes over during power failures. (The dock will 
also operate from 12 volts dcJ The dimensions 
are 15.25 x 4.75 x 1.5 inches, providing a view¬ 
ing distance of over 100 feet. 

The model 1036 is available in kit form with 
step-by-step instructions for $69.95 or assem¬ 
bled and tested for $99.95. (For green LEDS, 
specify Model 1036G and add $10.00.J For more 
information, contact NRG Electronics, P.O. Box 
24138, Fort Lauderdale, Florida 33307. 

Circle #311 on Reader Service Cord. 
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I0FT 

CR-30 

IUUST 


& m t+n Prrty Co. Ud 

ROOF TOWERS! 

A size to fit your needs 
6, 10, or 15 ft. 



800-255-7020 
Excluding California 


Galvanized Steel 
Bracing and Hardware 


Dist. by ^ 217 

ORION HI-TECH 

P.O. Box 8771, 
Calabasas, CA. 
91302 

(213)663-2541 


zipper case tool kits 

Hand Tool Industries has introduced a full line 
of tool kits for service, installation and main¬ 
tenance technicians and engineers servicing elec¬ 
tronic equipment. This full line is in addition to 
the complete selection of attache-type tool kits 
also offered by Hand Tool Industries, 

Many of the kits are engineered for a specific 
electronic application, such as office machines, 
or telephone equipment. However, several are 
designed to handle multi-purpose service needs, 
such as the HTK-30, which provides the engineer 
or technician a variety of tools with which to 
work on copiers, drives, computers, and varied 
similar type electronic equipment. 

Full details on each zipper kit and case, plus 
a/I the attached kits and cases, may be obtained 
by contacting Hand Tool Industries, Inc., Depart¬ 
ment ZC, 1933 Lake Street, Kent, Ohio 44240. 

Circle 1312 on Reader Service Card. 



FOR MORE INFORMATION 


Amateur Radio Baluns- 
Traps-Remote Coaxial Switches 
Or Write To: 


UNAOILLA DiV. of ANTENNA’S ETC. 

P.O. Box 215 BV ANDOVER, MA. 01810 

617-475-7831 ^ 218 


7 MILLION TUBES 



FREE CATALOG 


Includes all Current. Obsolete, An¬ 
tique, Hard-To-Find Receiving, 
Broadcast, Industrial, Radio/TV 
types. LOWEST PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
P.O. Box 213 

Elizabeth, NJ 07206 219 



automatic modulation 
meter 

CT Systems' new fully automatic Modulation 
Meter, Model 4101, was designed to simplify am 
and fm modulation testing. Already in use in 
both field environments and manufacturing facil¬ 
ities, its simple pushbutton switches allow for 
front-panel selection of function, meter range, 
filter and de-emphasis. 

Automatic measurements can be made from 
1.5 MHz to 2.0 GHz of Im deviation to 100 kHz 
and a-m modulation to 100 percent. Input lev¬ 
els from 3 mv to 1 v, selectable de-emphasis of 
B0, 75, or 750 ^seconds. Both M and a-f out¬ 
puts are standard. 

Priced at $1395, the 4101 Modulation Meter 
has a large easy-to-read meter, three selectable 
filters and is available with a rechargeable battery 
option. For information, contact CT Systems, 
Inc., 5245 Hornet Avenue, Beech Grove, Indiana 
46107-0470. 

Circle #313 on Reeder Service Card. 


Model 12 CW processor 

Much more than just a good filter, Don Hil¬ 
dreth's Model 12 CW processor provides a syner¬ 
gistic sequence including a 4th-order Butter- 
worth offset first filter, a selectable prelimiter, 
an Sth-order Butterworlh cascade linear filter, 
a two-stage carrier-activated limiter system and 
a power amplifier 

Selection of these elements can provide S/N 
enhancement and impulse noise suppression 
(much beyond a simple limiter), and ringing 
suppression. It can even handle multiple wood¬ 
pecker interference and short-duration atmos¬ 
pherics. Output power is up to 2 watts of audio 
into a 4- to 8-ohm speaker. 

The input requirement to the unit is from *f 13 
to f-15 volts dc at a nominal 0.3 amps. Opera¬ 
tion may be obtained with + 12 volts, but with 
reduced audio power. Input impedance is 2.2 k 
resistive, to allow driving the unit from either a 
receiver's speaker or headset port. The maxi¬ 


mum required signal level for normal operation 
is 0.5 volts peak to peak at 750 Hz. 

This device (and its technical rationale! was 
decribed in two ham radio articles: "Carrier- 
Activated CW Reception Limiter" (September, 
1985) and "Advanced CW Processor" (Decem¬ 
ber, 1986). For further details, contact Hildreth 
Engineering Corporation. P.O. Box 60003. Sunny¬ 
vale, California 94088. 

Circle #314 on Reader Service Card. 


hf base station transceiver 

Incorporating advanced new features, the 
ICOM IC-761 measures approximately 17 x 6 x 
15 inches, and is conservatively rated at 100 
watts output on CW, SSB, FSK, and SSTV. The 
transmitters's 28-volt power amplifier uses two 
husky 2SC2904's operating in push-pull. An in¬ 
ternal whisper-quiet cooling fan and large heal 
sink are included for continuous 100-percent 
duty cycle operation. 

The IC-761 also includes a built-in switching- 
type ac power supply plus a built-in automatic 
antenna tuner. The tuner is capable of match¬ 
ing a wide range of impedances from 16 to 150 
ohms. 



The IC-761 's receiver continuously tunes from 
100 kHz through 30 MHz, with sensitivity ex¬ 
ceeding 0.15 microvolts. The receiver is a triple- 
conversion, superheterodyne, featuring a low 
noise, direct-feed mixer circuit. Its dynamic range 
is 105 dB, with a selectable AGC action. 

Receiver performance is further enhanced with 
passband tuning, i-f shift, i-f notch, and a dual¬ 
width adjustable-level noise blanker. Frequen¬ 
cies may be selected via the main tuning knob 
or entered from the front keypad or from a com¬ 
puter with the ICOM "Cl-V" interface kit. Thirty- 
two memory channels are available with direct 
memory channel input to VFO "A" or "B" for 
semi-duplex or split-band operation. 

Special CW features include a built-in elec¬ 
tronic keyer and a steep-skirted narrow CW filter. 
CW and RTTY selectivity is 500 Hz at 6 dB and 
1,000 Hz at 60 dB. The audio notch null is greater 
than 45 dB. Semi and full break-in keying is rated 
to 60 W PM. 

The IC-761 carries a one-year warranty from 
the date of purchase, with factory support from 
four regional service centers located in Atlanta. 
Georgia; Bellevue, Washington; Irving, Texas; 
and Vancouver, British Columbia. 

For further information, contact ICOM Amer¬ 
ica, Inc., 2380 116 Avenue N.E., P.O. Box 
C-90029, Bellevue, Washington 98009-9029, 

Circle #315 on Reader Service Card. 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60$ per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


THE ORIGINAL HAM SACK. Deluxe soft padded case for all 
popular handhelds with battery packs. Three 2 tppered compart¬ 
ments for radio, antenna and accessories including spare bat¬ 
tery pack. Belt loops end detachable shoulder strap. Tough 
Dupont Cordura™nylon. We are hams and we 'know 2 you will 
like this case. Full refund guarantee. $12.50 includes shipping. 
Frank & Linda Reed, KC1DM & N1EUR, 15A Daniel Webster 
Drive, Hudson, NH 03051. 


WHOLESALE PRICING. Closed circuit video cameras, moni 
tors, time-lapse VCR's and security equipment. WV-1414 $170. 
TR 930 $165. No consumer VHS. DETECTION DYNAMICS, 
4700 Loyola Lane, Suite 119, Austin, TX 78723. (512) 345-8401. 
SASE for list. 


AMPLIFIER BREAKTHROUGH - The current amplifier drives 
loads push-pull without internal voltage gain. Fastest, quietest 
circuit in transistor electronics. Plans for quieter audio ampli¬ 
fiers, ideal for home builders, all watt ages, $15. Amplifiers Un¬ 
limited, Rt 2, Box 139, Highmore, SD 57345. 


FULL NTS TRAFFIC MESSAGE FORMS FOR PACKET OR 
RTTY on your IBM PC. MESSAGE-PAC works with any com¬ 
munications program to give you full Message Forms and for¬ 
matted script/macro command files, ready to transmit. This is 
the one you’ve been waiting for. With user defined Pop-Up Help 
& Selection System that no one else offers. Can Pre-Load forms 
from disk. Only $29.95. DEMO DISK for $2.00. Write for infor¬ 
mation. Kalt and Associates, 2440 E. Tudor Rd, Suite 138, 
Anchorage, AK 99507. 907-248-0133. Charge Cards accepted. 


WEST COAST SWAP SHEETS: Special introductory offer. 
SASE. WD6AFC, Bill, 4076 No. Hammel, Fresno, CA 93727. 


COMMUNICATIONS RECEIVERS: The Vacuum Tube Era. 
Book covers history, specs on 700 rceivers, 51 companies, 112 
photos, $14,95 plus $2 P/S. SASE for details. RSM Communi- 
catrons. Dept. H, Box 218, Norwood, MA 02062. 


ELITE + CODE PROGRAMS. Apple II + /c/e/GS. C 64/128. 
37 modes. Graphics, wordprocessor, menus, lessons, speed 
techniques, drill, practice, print, teach, view modes; 1-100 WPM, 
variable sound, character, word spacing, and more $49.96. 
Check/MO. COD's add $2. Other versions ($14.95 -$44.95) 
$3.50 demo disk gives $2 off next purchase. Write: LARESCO, 
POB 2018, 1200 Ring Road, Calument City, IL 60409 
1-312-891 3279 


ANALOG AND RF CONSULTING for the San Francisco Bay 
area. James Long, Ph.D N6YB (408) 733-8329. 


APPLE COMPUTER p d Ham programs. Six disk sides: CW, 
OSCAR, logs, calcs, etc. $9.00 pp, Cashier's check/m.o 
WA7ZYQ, 238 Tenth, St. Maries, ID 83861. 


KENWOOD COMMODORE HELP: I’m stationed in Italy, far 
from the pleasures of Hamfests, Flea Markets and the like. Look¬ 
ing for the SM 220; TM2570A, TM2018; TR-3600A PC1A phone 
patch and ham programs on disk for C-64. Ira Neal, KE4EX/IO, 
POB 343 Gaeta, FRO NY 09522-0043. 


TEST EQUIPMENT WANTED. Don’t wait - we’ll pay cash 
for LATE MODEL HP, Tek, etc. Call Glenn, N7EPK, at Skagrtron- 
ics Co. (800) 356-TRON. 


SUPERFAST MORSE CODE SUPEREASY. Subliminal cas 
sette, $10. Learn Morse Code in 1 hour. Amazing new supereasy 
technique $10 Both $17. Money back guarantee. Free catalog 
SASE. Bahr, 2549-H3 Temple, Palmbay, FL 32905. 


LASERS: Illustrated how-to manual on Ham Radio use of 
LASERS! 119 bound pages of practical information, plans, 
schematics, photos, sources of inexpensive parts. Laser con¬ 
tacts are valid in ARRL contests. $13.95 postpaid. Steve Noll, 
1288 Winford, Ventura. CA 93004 

HOMEBREW PROJECTS LISTS. WB2EUF, Box 708, East 
Hampton, NY 11937. 


RV OPERATORS are invited (o check in Sun 2 PMC, 14.240 
±5. Tues, Thurs 8 PMC 3.880 ±5. Good Sam RV Net. Info 
SASE KJ4RO. 


TELEVISION SETS made before 1946, early TV parts, litera¬ 
ture wanted for substantial cash. Especially interested in "mirror 
in the lid" and spinning disc tv's. Finder's fee paid for leads. 
Arnold Chase, 9 Rushleigh Road, West Hartford, Conn. 06117. 
(203) 521-5280. 


ENGINEERS request free catalog of Electronics Software. Cir¬ 
cuit analysis, filter design, graphics, etc. BV Engineering, 2200 
Business Way, Suite 207, Riverside, CA 92501 (714) 781-0252. 


NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Full-Service Ham SWL-CB- 
Scanner store in NJ, Discount Grand Opening Prices. Top per 
forming radio systems for every budget. New 10 meter and 
VHF/UHF rigs. ARRL, Amphenol, Astatic, Astron, Azden, 
B&W, Bilal Belden 9913, Butternut, Clear Channel, KLM, Lar¬ 
sen, MFJ, Mirage, Mil Spec Cables, much more. Open M-F 10 
AM-9PM. Sat 10 AM-7 PM. Buy and sell used gear and have 
qualified repair facility. ABARIS SYSTEMS, 276 Oriental PI, 
Lyndhurst. NJ 07071 (201) 939 0015. 


IBM'PC RTTY/CW. New CompRtty II is the complete 
RTTY/CW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII, BAUDOT, CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskcopy, break-in buffer, select 
calling, text file transfer, customizable full screen logging, 24 
programmable 1000 character messages. Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS-232C TU. $65 Send call letters (including MARS) with order. 
David A. Rice, KC2H0, 25 Village View Bluff, Ballston Lake, 
NY 12019 


WA9GFR RF SOFTWARE $15.00 disk contains HF/VHF/- 
UHF/L-BAND propagation and Smith Chart impedance match- 
mg programs. Specify Commodore-64 or MS-DOS BASIC. Lynn 
Gerig, 6417 Morgan RD, Monroeville, IN 46773. 


REMEMBER TROLLEY CARS? Trolley Treasures: The War¬ 
time Years in New Jersey (1939-1947), a 4-volume pho- 
todocumentary history, includes 1600 unpublished, original 
photographs plus extensive historical notes. Volume I, The Com¬ 
promise Roof Cars of Public Service Coordinated Transport, 
ready now. SASE for details. To order, contact Trolley Themes, 
A.W. Mankoff, 2237-3 Woodside Lane, Sacramento, CA 95825. 
($14.95 plus $1.50 SDH). 


$$$$$SUPER SAVINGS on electronic parts, components, sup¬ 
plies and computer accessories. Free 40-page catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Box 830119, Richard¬ 
son, TX 75083 or call (214) 690-1102. 


RTTY JOURNAL— Now in our 35lh year. Join the circle of 
RTTY friends from all over the world. Year's subscription to 
RTTY JOURNAL. $10 00. foreign $15 00. Send to: RTTY 
JOURNAL, 9085 La Casita Ave., Fountain Valley, CA 92708. 


NEED YAESU READOUTS: Texas Instruments TIL-306, 
TIL-308 R110 GRC Schematic. Want (COM DV-21 VFO 
Wagger, 3241 Eastwood Rd, Sacramento, CA 95821, 


IMRA International Mission Radio Association helps mission¬ 
aries. Equipment loaned Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 

RUBBER STAMPS: 3 lines $4 50 PPD Send check or MO to 
G.L Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave, all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224 
(2131 774-1255. 


CHASSIS, CABINET KITS. SASE K3IWK. 5120 Harmony 
Grove Road, Dover, PA 17315. 


IBM/APPLE COMPUTER program "Hamtog" 18 modules logs 
auto-sorts 7-band WAS/DXCC. Full feature. Also CP/M. Apple 
$19.95 IBM $24.95. HR-KA1AWH, PB 2015, Peabody, MA 
01960 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc., Dept 301,4202 N. Drake, 
Chicago, IL 60618 


RECONDITIONED TEST EQUIPMENT $1 25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806 


COMING EVENTS 

Activities — “Places to go .. 

SPECIAL REQUEST TO ALL AMATEUR RAOIO PUBLICITY 
COORDINATORS: Please indicate in your announcements 
whether or not your Hamfest location, classes, exams, meet¬ 
ings, flea markets, etc, are wheelchair accessible. This informa¬ 
tion would be greatly appreciated by our brother/sister hams 
with limited physical ability. 


ILLINOIS: July 12. The DuPage Amateur Radio Club is spon¬ 
soring a Hamfest/Computershow, American Legion Post 80, 
4000 Saratoga, Downers Grove. Outdoor flea market and swap¬ 
pers row. Indoor tables available. General admission $3.00/ 
gate; $2.00/advance. Gates open 8 AM. Free parking. Food and 
drink available Talk in on 146.52 simplex and 145.250-600. For 
tickets or reserved tables SASE to Hamfest Chairmen, W9DUP, 
POB 71, Clarendon Hills, IL 60514 or call (312) 985*0527 even¬ 
ings or weekends 

TENNESSEE: August 2. The Maury ARC will sponsor its first 
annual indoor Hamfest, American Legion Post 19, New Nash¬ 
ville Highway, Clumbia. 8 AM to 4 PM. Admission $2. Tables 
$5. Food/refreshments. VE license exams. Talk in on 147.72/. 12. 
For information or reserved tables: George Russell, WB4JCR, 
Box 832, Columbia, TN 38402 (615) 388-0577. 

VIRGINIA: August 2. The 37th annual Winchester Hamfest, 
sponsored by the Shenandoah Valley ARC, Clarke County 
Ruritan Fairgrounds, Rt. 7, Berryville. 7 AM to 3 PM. Admis¬ 
sion $4. VE exams 9 AM, Limited walk-ins. Talk in on 146.22/ .82 
and 52. For information Rob Kinsley, NT4S, SVARC, POB 139, 
Winchester, VA 22601. (703) 869 5113. 

PENNSYLVANIA: August 2. The 50th GOLDEN Hamfest of the 
South Hills Brass Pounders Nd Modulators ARC, South Campus 
of Community College of Allegheny County, West Mifflin. 
Indoor/outdoor flea market. Talk in on 146,13/73 and 146.52 
simplex. For more information; Doug Wilson, WA3ZNP, 185 
Orchard Avenue, Emsworth, PA 15202. 

WISCONSIN: July 11. The Eau Claire ARC will hold its annual 
Hamfest. 4-H buildings on Fairfax Street, Eau Claire. 8 AM to 
2 PM Tickets $2/advance; $3/door. Free tables and coffee. Talk 
in on 147.84/ .24. For information/tickets SASE to Gene Lieberg, 
KA9DWH, 2840 Saturn Avenue, Eau Claire, Wl 54703. 

TEXAS: August 7-9. Austin Summerfest. Sponsored by the 
Austin ARC and Austin Repeater Organization. Villa Capri Motor 
Hotel, 2400North Interstate 35, near center of Austin. Flea 
market, dealers, ARRL forum, tech programs, transmitter hunt. 
Saturday barbeque and Midnight Wouff Hong ceremony. 
Advance fees $5 for general registration, $7 at the door. Children 
15 and under free. $9 for advance barbeque tickets. $5 for each 
swap table, For registration/information write Austin Summer- 
fest, PO Box 13473, Austin, TX 78711. 

NEW JERSEY: July 19 The Sussex County ARC will sponsor 
SCARC 87, Sussex County Fairgrounds, Rains Road off Rt 206. 
Doors open 8 AM. Registration $3.00. Indoor tables $7.00 each. 
Tailgating $5,00/space. Food and refreshments. Free parking. 
Write; Oon Stickle, K20X, Weldon Rd, RD 4, Lake Hopatcong, 
NJ 07849. (201) 663-0677. 


OKLAHOMA: July 31-August 2. Central Oklahoma Radio 
Amateurs (CORA) Ham Holiday and State ARRL Convention, 
Lincoln Plaza, 4445 North Lincoln Blvd, Oklahoma City, Hi-tech 
programs and demonstrations. VE tests, ARRL forums as well 
as non-technical programs. Saturday and Sunday flea market. 
Saturday night banquet. Sunday morning WCWA breakfast. 
Pre-registration (by July 22) $7.00. Flea market tables $2.00 with 
pre-registration. Registration $9,00/door. Talk in on 
147.63/147.03. For details write CORA Ham Holiday, POB 
850142, Yukon, OK 73085-0142. 

OREGON: July 25 and 26. The Willamette Valley DX Club of 
Portland will host the annual Northwest DX Convention, Green¬ 
wood Inn, Beaverton. For information writ© Willamette Valley 
DX Club, 56731 Columbia River Highway, St. Helens, OR 97051. 


BRITISH COLUMBIA: July 11 and 12. Maple Ridge Hamfest, 
St. Patrick's Center, 22589 121 Avenue, Maple Ridge, Admis¬ 
sion: Hams $6.00; Non-hams over 12 $3.00. Under 12 free Two 
hams, same family $9 00 Flea market, commercial displays, 
nearby shopping. Camper space, no hookups. Talk in on 
146.20/80, 146.34/94. For information: Floyd Beardsell, VE7HI, 
Box 292, Maple Ridge, BC V2X 7G2. 

NEW YORK: July 11, The Mt. Beacon ARC'S Hamfest, Arling¬ 
ton Senior High School, Poughkeepsie/Lagrange Tickets $3.00. 
Tailgating $4.00/space. Doors open 8 AM. Talk in on 146.37/97 
and 146.52. For information Julius Jones, W21HY. RR2. Vanessa 
Lane. Staatsburg. NY 12580 (914) 889 4933. 

MISSOURI: July 19 The 25th annual ZERO-BEATERS Ham¬ 
fest. Bernie Hillerman Park (Washington, MO Fairgrounds). 8 
AM to 3 PM Free admission - free parking. FCC exams, Flea 
Market Space $2.00/car. Food and refreshments available. For 
information Zero-Beaters ARC, Box 24, Dutzow, MO 63342. 
(314) 239-2072. 

MONTANA: July 17-19. The Great Falls Area ARC will sponsor 
the 53rd annual Glacier-Waterton International Hamfest, Three 
Forks Campground, southern edge of Glacier National Park. 
Seminars, contests, QCWA meeting and more. Talk in on 10/70 
and 52. For more information: Shirley Smith, KC70A, 1822 14th 
Avenue South, Great Falls, MT 59405, (406) 452-5958. 
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WISCONSIN: July 18. The South Milwaukee ARC will hold its 
annual SWAPFEST, American Legion Post 434, 9327 South 
Shepard Avenue, Oak Creek. 7 AM to 3 PM. Admission $3.00. 
VE exams, picnicking, refreshments. Free overnight camping 
on grounds. Talk in on 146.94, For details: The South Milwau¬ 
kee ARC, POB 102, South Milwaukee. Wl 53172-0102. 


MASSACHUSETTS: July 24, 25, 26. The 2nd ARRL "Heavy 
Hitters Hamfest", Topsfiefd Fairgrounds, US Rt 1, Topsfield. 
Indoor/outdoor flea market, Contests, fox hunts, packet radio 
and RTTY mailbox demos. License exams, alternative activities 
and more. Free camping Friday and Saturday nights for tents 
and SC RV's. Nearby hotels. Advance tickets $3,00. $4.00/door. 
Children with adults admitted free. For more information RuSs 
Corkum, WA1TTV, 21 Thorndike Street, Arlington, MA 02174. 


NORTHWEST USA: July 31, August 1 and 2. The 55th annual 
Wyoming Idaho, Montana, Utah Hamfest, Virginian Lodge, 
Jackson Hole, Wyoming. Friday evening Cowboy Cookout, 
seminars, forums, speakers and Sunday Awards presentation. 
Non-ham activities Nearby shopping. And Grand Teton and 
Yellowstone National Parks. QCWA Hospitality Suite. Free swap 
tables. Tickets $10/ door or $8/advance by July 20 RV parking 
next door at A-1 Campground. For registration/ information 
Contact: WIMU87 Hamfest, c/o Cheryl Ransom, KA7QOE, 
HC36-205, Riverton, WY 82501. 1307) 856-1811. 

PENNSYLVANIA: August 9. The Mid-Atlantic ARC announces 
its annual Hamfest, Bucks County Drive-in Theater, Rt 611, War¬ 
rington. 8 AM to 3 PM rain or shine. Admission $3.00. Tailgat¬ 
ing $2.00 extra, Setups 7 AM. Bring own table. Talk in on 
WB3JOE/R, 147.66/.06 or 146.52. For information write MARC, 
203 Second Avenue, Broomall, PA 19008 or call John Bar¬ 
tholomew, WB3ELA (215) 356 7197. 


ILLINOIS: August 9 Hamfesters Radio Club, celebrating its 54th 
year of Amateur Radio service, is having its 53rd annual Ham¬ 
fest, Santa Fe Park, 91st and Wolf Road, Willow Springs (near 
Chicago). Donation $3/advance; $4/door. For information call: 
(313)403-1043 

INDIANA: July 11 and 12. The 17th annual State ARRL Con¬ 
vention and Hamfest, Marion County Fairgrounds, Indianapo¬ 
lis. Gates open 6 AM both days, Gate fee $5. Children under 
12 free, Food available on grounds. Nearby motels and restaur 
ants. Flea market, dealer displays, tech forums. Camping on 
grounds with free hookups provided by Hamfest Assn. For info 
on flea market space: (317) 356-4451. For info on commercial 
space: (317) 745 6389. 


WISCONSIN; July 18. The South Milwaukee ARC will hold its 
annual Swapfest, American Legion Post 434, 9327 South 
Shepard Avenue, Oak Creek. 7 AM to 3 PM. Parking, picnick¬ 
ing, food, refreshments and free overnight camping available 
On grounds. Admission $3 00 includes "happy time" with free 
beverages. License exams. Packet meeting. For details write 
South Milwaukee ARC, PO Box 102, South Milwaukee, Wl 
53172 0102. 


WEST VIRGINIA: July 19. The 9th annual TSRAC Wheeling 
Hamfest/Computer Fair, Wheeling Park. 9 AM to 4 PM. WV s 
largest. Dealers welcome 30,000 square feet under roof; 5 acres 
flea market. Family activities at Park. Admission $3.00 in 
advance; $4.00 at door. To reserve space contact: Carl Williams, 
WD8PPS, 9 East High St, Flushing, OH 43977. For tickets: 
TSRAC, Box 240, RD 1, Adena, OH 43901 (614) 546-3930. 


WASHINGTON: August 22-23. The Radio Club of Tacoma 
presents Hamfair '87 and the ARRL Northwestern Division Con¬ 
vention, Pacific Lutheran University, Tacoma. Friday evening 
entertainment. Doors open 9 AM August 22. Registration $5.00 
til August 12. $6.00 at the door. Banquet $10.00 by August 12. 
RV spaces $2.00. No hookups. Technical seminars, forums, flea 
market (tables $18/6') non-ham activities, VE exams all classes. 
Foi reservations and/or flea market tables write Al Wittich, 
KA7SBJ, 3832 Gay Rd E. Tacoma. WA 98443 or call Bill 
Morgan, W7GRP (206) 531-3821 or Marion O'Neal, WB7SQU 
(206) 838-3126. 


INDIANA: August 9. The 8th annual Grant County ARC Ham¬ 
fest, 4-H Fairgrounds, Mahon. Doors open 8 AM. Refreshments, 
free parking, VE exams and more. Donation $3 00/advance. 
$4. 00/gate. Inside tables $4.00. Flea market space $2.00 For 
information or tickets SASE to WB9EAP, Brooks Clark, 2202 
South Boots Street, Marion, IN 46953. 


NEW YORK: July 12. Genesee Radio Amateurs annual Bata¬ 
via Hamfest, Alexander Firemen's Grounds, Rt 98, Alexander. 
6 AM to 5 PM. Admission $3 advance, $4 at door. Breakfast, 
flea market, programs, chicken BBQ, VEC exams, free camp¬ 
ing. Talk in on 146.52 and 144.71 /145 31 - For information write 
GRAM, POB 572, Batavia, NY 14020 or call Dave Harms, KC2RF 
(716) 342-6770. 


1987 “BLOSSOMLAND BLAST” Sunday. September 20. 
1987 Write "BLAST" PO Box 175, St. Joseph, Ml 49085 

OPERATING EVENTS 

“Things to do .. 

July 12; Eric NF0Q and Allan KA8JJN will operate NF0Q/8 at 
Mt. Clemens, Ml from 1200Z to 2100Z to commemorate the 
200th Anniversary of the Northwest Ordinance of 1787. Primary 
freqs 7250 and 14325. Secondary 21350, 28410 and Detroit area 
2 meter repeaters. For certificates send large SASE to Erick 
Koch, NF0Q. 2805 Westminister, St. Charles, MO 63301. 


July 5-12: The Stateline ARC will operate station KT5I to cele¬ 
brate the 1987 National Soaring Championships from the new 
National Headquarters of the National Soaring Society, Hobbs, 
NM. 10-80 meters. For certificate send QSL and contact num¬ 
ber to State Line ARC, KT5I. POB 1423, Hobbs, NM 88240 


July 14: The Valley ARA will sponsor a special events station 
at the Statler Brothers' "Happy Birthday USA Celebration" in 
Staunton, VA. 8 AM to 8:30 PM. 14250, 3850 and 7230. For 
special certificate SASE to N4ICT, POB 1091, Staunton, VA 
24401. 


July 18-19: The Bolingbrook Amateur Radio Society in con¬ 
junction with the City of Naperville, Illinois, will be operating 
a Special Event Station, KE9DE, to commemorate the Revolu¬ 
tionary Wa. 1400Z to 2100Z. 14.300, 7.250. For certificate send 
QSL card and No. 10 SASE to Special Event Chairman, Rich 
Wayne, KE9DE, POB 495, Naperville, IL 60566-0495. 


July 7-9: Aboard USS MISSOURI (BB-63). The Naval Post 
graduate School ARC (K6LY) will operate a special event sta¬ 
tion during Fleet Week Monterey in conjunction with celebration 
commemorating the Gret White Fleet journey of 1907 09 
1700Z-0100Z Lower 50 kHz of 20 and 15 meters and Novice por 
tion of 10m. For a commemorative QSL card send your QSL 
card and SASE to NK6H, 96 Cuesta Vista Drive, Monterey, CA 
93940. 


July 25-26: The Eastern Michigan ARC will operate K8EPV to 
commemorate the 62nd Port Huron to Mackinac (stand Yacht 
Race. 1400Z to 020Z each day. For large certificate SASE with 
QSL to K8EPV. 654 Georgia, Marysville, Ml 48040. 


July 11-12: The Holmdel ARC will operate K2DR to com¬ 
memorate the 25th anniversary of the launching of the TELSTAR 
communications satellite. 1S00Z to 2200Z July 11 and 1500Z to 
2000Z July 12. 20, 40, 80m General phone bands. Lower 25 kHz 
of Novice 10m phone band. For certificate send QSL and SASE 
to Holmdel ARC, POB 205, Holmdel, NJ 07733. 


July 12: The Buzzard's Roost Repeater Club will operate KC0DA 
from downtown Petersburg, Nebraska to help this community 
celebrate its centennial. QSL with SASE to KC0DA, Larry Leh¬ 
mann, 706 West Fairview Avenue, Albion, NE 68620. 


July 26: East Aurora "Racing Day" special event station W2QFC 
operated by the Pioneer Radio Operators Society (PROS! from 
the Village Park, once the trotting horse mecca of the world- 
10 AM to 5 PM EDST. 3935, 7235, 14235. For a special qSL 
SASE to W2QFC 308 Parkdale Avenue, East "Aurora, NY 14052. 



CHARGE 

YOUR CLASSIFIED ADS 



to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 


short circuit 

real coax 

Two errors appeared in Forrest 
Gehrke's article, "Real Coax" (April, 
1987, page 8). In the lower left-hand 
column of page 12, dB = 0.1151 neper 
= log^ should be corrected to read as 
follows: 

0.1151 ( Value \ - / Value \ 
y in dB I \ in nepers I 

= log e yfPj/P2 

or, if you wish, 

.1151 dB = nepers = log, s1pT7P2 
At the top of the right-hand column, 

10^ = Vp/7p2 

should be corrected to read: 

dB^ 

10 ™ = P1/P2 


2x4Z BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

FREQUENCY: BROAD BAND 
140-170 MHz | 

410-470 MHz I 

GAIN: I 

VHF - 8.2dB 
UHF - 11,5dB 
VSWR - 1.-1.2 or less 

CONNECTOR: 

N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 

WEIGHT: 5 LBS. 3 OZ. 

WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 

MAST 

CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 

CONNECTING 

JOINTS 

UPS SHIPPABLE 



AMATEUR SPECIAL 



1275 NORTH GROVE ST. 
ANAHEIM, CALIF. 92806 
(714) 630-4541 

CABLE: NATCOLCLZ 
FAX (714) 630-7024 

221 
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ELMER’S NOTEBOOK 


| an introduction to 
I digital communications 

I 111 explore some of the hows and 
whys of digital communications in this 
i month's column. But first, I'd like to 
report on a wonderful Elmer whose 
I work was just called to my attention: 

| Glenn Shaw, W6N1, of Rockport, 

| Texas. 

It seems that Glenn has made it a 
personal goal to be the first contact for 
new Amateurs. He's been at this for 
I 20 years or so, and has made a lot of 
| friends along the way. Just think how 
much easier your first contact would 
I have been if you'd known that the guy 
at the other end of the path was 
I patient and understanding — and 
I wasn't going to laugh at your faltering 
I attempts at sending call letters, QTH, 
signal reports, name, and all that stuff 
j that's so hard to do on your first 
contact! 

Several of Glenn's "firsts" have 
gone on to earn Extra class licenses. 
Many keep in touch by letter or by 
radio. Glenn has even developed a 
special certificate to grace the wall of 
J their shacks. 

| Great work, Glenn, and may your 
| tribe increase! (And thanks to KA5BWL 
j for calling Glenn to my attention.) 

the digital business 

Now, on to this digital business. It 
| will be many, many license-renewal 
periods before this mode begins to 
seriously crowd the bands, but it's an 
important part of the communications 
I world, and it will become even more 
| important and widespread than it is 
| now. So, don't throw away that key 
or microphone just yet, but make room 
for a keyboard alongside. 


We've come to think of digital as 
being associated with computers, but 
that's not all there is to it. Radiotele¬ 
type (RTTY) has been around — and 
on the Amateur bands - for ages. 
Audio-frequency-shift keying (AFSK) 
was used on the 11-meter band (when 
it was still an Amateur band) in early 
days of RTTY, and is still widely used 
on VHF and UHF. After 1953, when 
the FCC allowed FSK to be used on 
the Amateur hf bands, the number of 
RTTY stations that could be heard 
"RYing"* on the air increased monthly. 
That was digital communications, 
even though most Amateurs didn't 
think of it as such. It was — and is — 
information propagated by means of 
pulses, and the pulses were derived 
from mechanical contacts in a mech¬ 
anism activated by a keyboard or by 
contacts that "read" the holes in a 
punched paper tape. 

Pulses have two levels, or states, to 
their waveform: high and low. Sever¬ 
al conventions are used to describe 
these states: for example, on and off , 
1 and 0, plus and minus , mark and 
space, and so forth. It's basically a 
matter of changing the dc voltage level 
from one resting value to another, and 
the change from one to the other is 
rather abrupt. Individually, these pulses 
don't do much for us — but groups of 
them can be put together in a well- 
defined arrangement, or code, to con¬ 
vey information. American RTTY em¬ 
ploys a code called Baudot (which 
rhymes with "doe"); the British use an 
almost identical arrangement they call 
the Murray code. The RTTY system 

*An early test signal, sent ad infinitum to let people 
know you'd mastered the intricacies of getting a sys¬ 
tem up and running. 

** However, the suppressed carrier remains at the same 
frequency. — Ed. 


Tom McMullen, W1SL 

uses five pulses (called "bits") in var¬ 
ious sequences that allow transmission 
of all the letters of the alphabet, num¬ 
bers, some special functions such as 
ringing a bell, sending a carriage return 
and/or a line feed to the receiving 
system, and others, for a total of 64 
characters. 

A more modern type of code is 
called ASCII (from American Standard 
Code for Information Interchange, 
pronounced "askey"). This code has 
seven pulses, with the option of ad¬ 
ding another for error-checking pur¬ 
poses (this eighth bit, or pulse, is called 
a "parity" bit). This allows a code table 
that includes all the letters, numbers, 
functions, and symbols you'll ever 
need, and some you probably won't. 
A sample of the pulse combinations for 
the letter Y is shown in fig. 1. ASCII 
tables abound in computer books, 
handbooks, and textbooks about data 
processing, so there's no need for me 
to repeat one here. However, when 
you do look at an ASCII table, note 
that it reads backwards compared with 
the drawing in fig. 1. Most tables list 
the bits in order of significance, with 
the most-significant bit at the left, as 
at the beginning of a word. Figure 1 
shows the sequence as it would be 
transmitted, with the least-significant 
bit (BO) first. If you have trouble with 
the notion of significance, look at the 
dollar amount of $10,005; certainly the 
"1" is much more significant than the 
"5" — right? The drawing also shows 
what happens when two bits of the 
same polarity (1 or 0) occur together. 
The voltage doesn't return to its other 
state between pulses, but stays at the 
1 or 0 value for a time duration equal 
to two bit lengths. Figure 1 shows two 
zeros together and two ones together; 
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fig. 1. Digital communications take place by means of pulses arranged to represent 
characters. This is the ASCII code for the letter Y. A start pulse informs the receiver 
that data bits follow. P is a parity bit. used to check for errors. 
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fig. Z. Frequancy-shift keying of an rf carrier can be done by switching an extra capa¬ 
citor in and out of an oscillator circuit. In this simplified circuit, a "'high" dc level {pulse 
at its "1” state.) will cause the diode to conduct, placing 0 S in the circuit, thus lower¬ 
ing the frequency. See text for another method of generating FSK. 


the dotted line merely illustrates that 
there are two bits there. 

the bit connection 

All this business about pulses and 
bits and ones and zeros is fine, but 
how do you apply them to a tran¬ 
sceiver? Can you just hook the output 
of a keyboard to the microphone jack 
and start cranking out digital stuff? 
Well, no — not unless you have a very 
unusual transceiver. You'd get an 
awful lot of clicks from the fast transi¬ 
tions from 0 to 1 and back (plus an 
equal number of irate phone calls from 
your neighboring hams whose QSOs 
you were messing up). 

Two basic methods of transmitting 
digital information are in use on the 
Amateur bands today: frequency-shift 


keying (FSK) and audio-frequency- 
shift keying (AFSK). 

FSK, as used on the hf bands, can 

be generated by either of two 

methods. One way is to change the 

frequency of an oscillator in response 

to a pulse, with a circuit such as the 

one shown in fig. 2. In this simplified 

diagram, a diode is in series with an 

extra capacitor across an oscillator 

coil. When the dc level at the anode 

end of the diode is at 1, the diode 

conducts, and the capacitor is "in," 

causing the frequency to be at its 

lowest value. When the pulse falls 

below the diode's conduction level 

(the pulse is at its "0" state), the 

capacitor is "out," and the oscillator 
* 

frequency is higher. The difference be¬ 
tween the two frequencies is called 


"shift," and is usually 170 Hz in most 
applications. With proper design and 
careful attention to temperature com¬ 
pensation and mechanical stability, 
this is a very satisfactory system. For 
years direct FSK was the only system 
on the hf bands. 

The increased availability of SSB 
equipment, and the frequency stabil¬ 
ity of these rigs, has brought forth 
another method of creating FSK for 
the digital modes. When you apply a 
pure sine wave to an SSB modulator, 
you generate a single-frequency rf 
carrier (that's how you tune up your 
SSB rig, isn't it?). Now, if you cause 
the audio frequency (sine wave) to 
change by the desired shift, the gen¬ 
erated^ rf carrier frequency is going 
to change right along with it, with the 
result that someone listening won't be 
able to tell the difference between this 
method and that described in the 
preceding paragraph: both produce a 
shift in the rf carrier frequency in 
response to the state of the modulat¬ 
ing pulse. 

The audio frequency can be made 
to shift by several methods: by using 
diodes or transistors to switch coil or 
capacitor values in and out of an oscil¬ 
lator circit; by switching separate os¬ 
cillator circuits in and out; or by using 
a microprocessor to synthesize the 
audio frequencies needed. 

So, it all comes down to this: the 
"encoding" device — which can be a 
keyboard, a set of contacts in a mech¬ 
anical arrangement, or a computer — 
must be hooked to either an hf trans¬ 
mitter (or transceiver) by means of a 
diode frequency-shift circuit or to the 
microphone input of an SSB rig when 
audio-frequency-shift is used to gener¬ 
ate the carrier. For VHF and UHF fm 
equipment, straight AFSK is used, and 
audio tones can be applied directly to 
the microphone input (or sometimes to 
an auxiliary input circuit that doesn't 
need the high gain provided by most 
microphone circuits). 

Most equipment used today in¬ 
cludes some form of built-in modula¬ 
tor that translates the strictly dc, 
on/off pulses into something that a 
transmitter can work with. You might 
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even find it combined with a demod¬ 
ulator and called a modem (modulator- 
demodulator). Whatever it's called, it's 
connected between the keyboard and 
the transmitter. 

Modern digital equipment available 
for Amateur use is designed to connect 
easily to most common transmitters or 
transceivers, and the manufacturer's 
instructions make it relatively simple to 
get a station on the air. However, it's 
best to read carefully and ask ques¬ 
tions to be sure that the pieces can get 
along with each other (in high-tech 
language, this is called "compati¬ 
bility"). 

other modes 

Packet Radio — the fastest growing 
aspect of Amateur Radio today — is 
a special application of digital codes. 
There's also a system called AMTOR 
that really helps overcome errors 
caused by noise and fading. I'll cover 
these in one or more future issues. 
They're both fascinating modes of 


communication, and once you under¬ 
stand what they can do and why, 
you'll enjoy untold hours of enjoyable 
operation. (If you enjoy "alphabet 
soup" such as RTTY, ASCII, SSB, 
and others you've seen in this column, 
wait 'till you get to Packet — with its 
DCEs, DTEs, layers, protocols, RS-232, 
CCITs, etc. You'll love it!) 

10-meter prospects 

While we're looking at the digital 
part of the new privileges, let's not 
forget the rf side of it all. Although the 
IO meter band seems like never-never 
land at the moment, don't cross it off 
too quickly. There have been a few 
openings recently (March and April) 
where the other side of the world was 
booming in with "ham-in-the-next- 
block" signal strength, and some of 
the signals stayed for hours. As sun¬ 
spot activity increases gradually over 
the next three to four years, propaga¬ 
tion on 10 meters can only get better. 
Now's the time to get your new station 


assembled, tested, fine tuned, and 
ready for the wall-to-wall DX that 10 
meters offers in its better moods. This 
is a great time to try new skills and 
modes, when the band is usually dead 
for DX but provides superb interfer¬ 
ence-free local communications. So, 
all you Elmers out there, set up some 
skeds with your favorite Novices or 
Techs and help them practice the new 
techniques; when the world is acces¬ 
sible on 10 meters, they'll be ready to 
communicate. Meanwhile, if there 
happens to be a great opening to 
Europe, Africa, New Zealand, Aus¬ 
tralia, or the Philippines, they'll be 
there to enjoy it. 

For a more thorough — yet still bas¬ 
ic — discussion of digital communica¬ 
tions, see The Digital Novice by Jim 
Grubbs, K9EI. Available from Ham 
Radio's Bookstore, Greenville, NH 
03048 for $9.95 plus $3.50 shipping 
and handling. — Ed. 

ham radio 



The RO850 controller offers your group the most 
advanced repeater control technology available 
anywhere. Through ongoing hardware and 
software enhancements, even our first customers 
enjoy new features that keep it ahead of the pack. 
With the *850. your repeater becomes fully 
remotely programmable. From command codes 
to the repeaters operating schedule, virtually 
everything can be easily changed. Touch -'lone 
programming from your radio or the phone with 
synthesized voice readbaek, or programming 
from your home computer via modem or packet . 

The autopatch supports local and radio-linked 
remote phone lines, extending your patch 
coverage to match your RF coverage. You don’t 
even need a phone line at your site! The 250 

advanced 

KZIddj computer 

controls, inc. 


“The RC-850 Repeater 
Controller 

... still the leader of the pack!” 

autodial slots meet everyone’s needs, with up to 
35 digit storage for personal MCI/Sprint codes. 

The easy-to-use mailbox lets you include phone 
numbers, times, or frequencies in messages. The 
controller is so smart, it’ll leave you a message if 
you miss a reverse patch or an alarm. 

Selective call capabilities range from CTCSS and 
two-tone to display paging, so you can always be 
available without having to listen. Voice 
response telemetry lets you remotely meter your 
site. Its continuous measurements with storage 
of updated min and max readings let you find out 
how cold it gets, how high the reflected power 
reads . . . and when. 

Individual user access codes, with callsign ID, 
offer secure access to selected functions to 
completely prevent horseplay. 


The industry's top-of-the-line controller, now 
better than ever, for your repeater. 


2356 Walsh Avenue, Sanla Clara, California 95051 

(408) 727-3330 
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REFLECTIONS 


evolution 

In September, 1983, we published a survey soliciting your opinion on a number of subjects. In that survey, we 
asked about your use of computers, including any that you owned or had access to. In your responses, 50 percent 
of you answered affirmatively. Many of you — even those who were "computerized" — indicated clearly that you 
did not wish to see ham radio turn into yet another "computer book." 

Since that time, however, the complexion of Radio Amateurs has changed. What used to be packet freckles can 
now be likened to a full tan after basking in the warmth of this useful and entertaining mode of communication. Most 
who predicted the yearly growth rate of this digital phenomenon were wrong, erring on the low side, ham radio , for 
its part, published articles that emphasized some of the more technical aspects of packet radio, such as TEXNET's 
recent three-part series on packet networking (March, April, and June, 1987). 

Concurrently, even though statistics indicated a higher median and mean age of Radio Amateurs, some of the faces 
started to look younger, with Novice Enhancement bringing in a welcome influx of youth. 

One concern raised by many readers responding to the survey brings new wrinkles to the face of Amateur Radio; 
many voiced and continue to voice the opinion that no one's building any more. Does anybody build any more? Well, 
it depends on how you define building. Yes, it's true that far fewer of us design and build our own receivers and 
transmitters nowadays, but this is quite understandable in light of the abundance of high performance and versatile 
commercial units available. With few exceptions, there's simply no need to build equipment today; without running 
a cost analysis, I'd almost be willing to bet that on a percentage basis the cost of a present-day rig eats up less of 
your earned income than a state-of-the-art rig would have consumed 10, 20, or 30 years ago. 

From what I see in the manuscripts that arrive here, it appears that there's been a redirection or refocusing of atten¬ 
tion to the more sophisticated technologies and techniques. A trend seen years ago in the Aerospace industries — 
a "systems" approach to construction — is now evident in Amateur projects. Recognizing that "soup-to-nuts" de¬ 
signs were no longer cost-effective, aerospace industries turned to modular construction, letting those individuals 
or companies who could build a better mixer, for example, supply that component. This same trend, I believe, has 
permeated Amateur Radio; it's just not cost-effective to build a 2-meter station when, for a few hundred dollars, you 
can buy a multi-function miniaturized unit. Personally, I'll still repair them . . . but try to compete on a design/con¬ 
struction basis? No way! I don't know how you value your time, but I can assure you that the price tag I'd put on 
a similar unit that I'd built would have to be a lot higher than the one you'd find on any off-the-shelf unit. 

There's an inherent danger lurking in this path of reasoning, however: we don't want to become jacks of all trades 
and masters of none. I reconcile this dilemma by reading more, zeroing in on several specific areas of technical in¬ 
terest, and using computers more than ever before. Sometimes I just have to sit back and laugh at the amount of 
time I spent preparing a 24-hour propagation forecast by hand for just one point-to-point path a few years ago. It 
took hours. This process is now reduced to seconds with affordable computers . . . which is my next point: we're 
still constructors — but what we're "building," in many cases, are computer routines instead of hardware. I don't 
think it's fair to say which is more related to Amateur Radio. Like everything else. Amateur Radio is evolving through 
a logical sequence of events. 

All I ask of you is to provide me with a glimpse of your new interests, regardless of the form (i.e,, hardware or 
computer programs) they take. Let us help in the evolutionary process by sharpening the focus and providing a few 
more details. 

Rich Rosen, K2RR 
Editor-in-Chief 
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improving writing skills 

Dear HR: 

I'm writing this letter in response to 
conversations I had at the recent Day- 
ton Hamvention™ with you [Rich 
Rosen, K2RR], Bob Grove (editor of 
Monitoring Times), and several others 
of us who write for radio communica¬ 
tions journals. There was considerable 
interest expressed by these persons in 
the possibility of organizing a meeting 
at next year's Hamvention that would 
be oriented toward those who write — 
or would like to write — for radio com¬ 
munications journals. 

The program could present several 
speakers who would cover various 
areas of interest. The first speaker, 
probably an editor from one of our 
popular journals, could address the 
question of what beginning writers 
need to know in order to begin writ¬ 
ing for the journals. Another speaker, 
or perhaps better yet, a panel of speak¬ 
ers, could offer ideas for already- 
published writers who want to improve 
their skills. Thirdly, a well-known, suc¬ 
cessful writer such as Joe Carr, K4IPV, 
Ed Noll, W3FQJ, or Bill Orr, W6SAI, 
might offer words of wisdom to aspir¬ 
ing writers who want to move up the 
ladder of professionalism in writing on 
the subject of radio technology. 

As far as I know, there is no or¬ 
ganized way for radio communications 
writers to contact one another, ex¬ 
change information, or share ideas. In 
addition to being useful in its own 
right, the meeting proposed above 
might present a good opportunity for 
the founding of a writer's group or 
writer's newsletter for those of us 
who write for radio communications 
journals. 

I hope that writers — both published 
and potential — who are interested in 


any of these ideas will contact me with 
lists of the kind of information they'd 
like to see covered in such a program, 
and which writers and editors they 
would like to hear speak. If the feed¬ 
back is sufficiently positive, perhaps I 
could approach the appropriate com¬ 
mittee to see if such a program could 
actually be arranged for next year's 
Hamvention. 

W. Clem Small, KR6A 
Salisbury, Vermont 05769 


grounding, shielding 

Dear HR: 

I enjoyed reading K4IPV's column, 
"Practically Speaking: Grounding, 
Shielding, and Isolating — Part 2," in 
the May issue of ham radio . However, 
I felt a few comments might be in 
order. 

First, I think that readers would be 
more satisfied with the performance of 
one-inch, or even half-inch, copper 
strap in place of the suggested braid. 
Braid becomes increasingly inductive 
faster than strap or even heavy wire at 
the TVI frequencies the author is con¬ 
cerned with. 

Second, I would strongly suggest 
that if brazing is inconvenient, silver 
solder should be used for all soldering 
that may be exposed to the elements. 
Regular solder seems to "decompose" 
when exposed to weather, leaving a 
joint that is electrically and often 
visually similar to a cold solder joint. 

I hope these suggestions will im¬ 
prove someone's hamshack. 

Gary D. Sharpe, KA8DKT 

Beaumont, Pennsylvania 18618 

continuous phase 
tones 

Dear HR: 

Richard Ferranti's article, "Amateur 
FSK: A Spectral Analysis" (December, 
1986, page 42) clearly makes the case 
for continuous phase tones for radio 
modems. This theme is even more 
pertinent if we directly modulate co¬ 
herently the radio frequency carrier in¬ 
stead of using tones. 

Modems were evolved for cables 
and telephone lines in order to make 


data look like a sound spectrum. Their 
purpose was to overcome the induc¬ 
tance and capacitance of cables, and 
though the same technique will work 
on a radio channel, we have a much 
more linear system with a wider use¬ 
ful bandwidth. 

I feel we should be using our data 
signals to shift the radio frequency 
carrier directly — i.e. without the use 
of audio tones. 

Had the author extended his discus¬ 
sion from fm to SSB, he would have 
found that an on-the-air signal would 
be more or less two separate frequen¬ 
cies separated by the difference in the 
tones and the advantages of phase co¬ 
herence would be very marked. How¬ 
ever, the SSB method is complex and 
wasteful of power, and to apply the 
data in the generation of the carrier is 
simpler and cheaper. All that's required 
is to switch a small capacitor across 
the crystal — but beware of the effect 
of the synthesizer, which may turn the 
square waves into triangular ones. 

Another way of generating coherent 
phase fm is to impress the data as 
ripple on the supply to a free-running 
oscillator. Work is going on along 
these lines for a radio link between 
computers and peripherals in an effort 
to overcome interference and security 
problems. 

R.J. Redding, G3VMR 
Maidenhead, Berks, SL63EL 


modifying the 
MLA-2500 amp 

Dear HR: 

A lot of us still have Dentron 
MLA-2500 amps, which use the Eimac 
8875s. You know what they cost to 
replace. 

How about an article on modifying 
this amp to use less expensive tubes? 
I've had mine since 1978, and it's still 
OK, but when the 8875s go, I doubt 
if it will be worth $700 or so for new 
ones. 

Thanks for your fine magazine and 
keep up the good workl 

Joe W. Williamson, KB5YA 
Killeen, Texas 76541 

ideas, anybody? — Ed. 
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solar activity 

and the earth’s magnetosphere 


A close look 
at the energy source 
responsible for 
worldwide communications 

Although Amateurs have been aware of a relation¬ 
ship between solar activity and ionospheric conditions 
since the earliest days of radio, concentrated studies 
in these areas did not begin until after the end of World 
War II. While many questions remain unanswered, we 
now have a large body of knowledge about solar ac¬ 
tivity and its effects on the Earth's magnetosphere, 
the region of charged trapped particles above the Earth 
controlled by our magnetic field. This information 
allows us to predict, with some degree of certainty, 
ionospheric activity and its effects on the parameters 
of hf radio propagation. 

Such knowledge can provide some measure of 
solace to the intrepid DXer who, with an hour to spare 
from family obligations, has discovered that a Sud¬ 
den Ionospheric Disturbance is in progress or that 
Polar Cap Absorption has wiped out the short path 
to Europe. These disruptions are the result of changes 
within the ionosphere, brought about by earlier flares 
and eruptive prominences on the surface of the Sun; 
this activity, in turn, results from still earlier process¬ 
es originating deep within the Sun's interior. 

historical perspective 

Our understanding of solar activity began when 
physicists calculated and tried to explain the enormous 
output of energy from the Sun. In 1871, Hermann von 
Helmholtz calculated its energy production as the 
equivalent of burning 1500 pounds of coal per hour 
on each square foot of the solar surface. Since 
ordinary chemical reactions cannot produce these 


I energy levels, scientists realized that solar energy could 
not be explained in terms of conventional chemistry. 

Some years later. Lord Kelvin proposed a solution 
to the problem, suggesting that solar energy could be 
attributed to the energy released from gravitational 
contraction; even if the solar surface contracted by 
100 feet per year, the Sun could shine for 30 million 
years. However, geologists soon produced evidence 
that the Earth had existed for much longer than 30 mil¬ 
lion years, and astronomers were then compelled to 
devise new theories of solar energy. 

nuclear energy 

In the 1920s, scientists realized that nuclear reac¬ 
tions could provide the necessary vehicle for energy 
production. Chemical reactions involve interactions 
only between the electron structures of various atoms. 
Nuclear reactions — whether by fission or fusion — 
involve the release of energy through the restructur¬ 
ing of an atom's nucleus. Nuclear fusion reactions, 
they found, do two things within a star: they provide 
a tremendous amount of energy and, over long per¬ 
iods of time, change its composition. In a dwarf star 
such as our Sun, the primary reaction is believed to 
be the proton-proton cycle, in which hydrogen nuclei 
fuse into helium nuclei. However, studies done in re¬ 
cent years question this supposition, asserting that the 
proton-proton cycle involves the release of neutrinos 
(neutral, massless, high-energy particles) as part of the 
reaction. Fewer neutrinos than expected, however, 
have been detected, and it's not known whether this 
is the result of experimental error, prediction error, or 
stellar core inactivity. 

In larger stars, with their higher core temperatures, 
the CNO (carbon-nitrogen-oxygen) cycle is dominant. 
Either fusion process liberates energy by changing a 
small amount of mass into energy. In the proton- 
proton cycle, about 0.007 grams of matter are con¬ 
verted to energy for each gram of hydrogen processed 
into helium. Every second, the Sun converts 4 million 

By Bradley Wells, KR7L, 1290 Puget Drive East, 
Port Orchard, Washington 98366 
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tons of solar matter into 400 trillion trillion watts of 
energy and radiates it into space. 

30,000-year trip 

Most of the energy generated within the core of the 
Sun heats its photosphere, the bright surface layer of 
gas that radiates the visible light of the Sun. The ener¬ 
gy that heats the photosphere today, however, was 
generated eons ago. 

The gas within the Sun's core, compressed to a 
density 150 times that of water, prevents radiation 
from traveling directly to the Sun's surface. The move¬ 
ments of photons within the Sun's interior move in 
a highly erratic motion known as "random walk" 
(rather than straight-line free flight). The thermal radi¬ 
ation associated with the 15 million degrees Kelvin 
temperature of the solar core is hard* X-rays, which 
move an average of only half a centimeter before they 
crash into a material particle and are absorbed or scat¬ 
tered in a completely different direction. Through this 
process, these X-rays are gradually degraded into 
optical photons with lower energy levels. Consequent¬ 
ly, it takes 30,000 years for a photon to "walk" out 
of the Sun; a photon in free flight, on the other hand, 
would be freed in 2 seconds. Thus, the current ap¬ 
pearance and activities of the photosphere were de¬ 
termined by the core conditions some 30 millennia ago. 

The temperature of the photosphere can be deter¬ 
mined from the following relationship: 

T = QiM (D 

W 

where W = wavelength in cm, and 
T = temperature in degrees K. 

Since the wavelength of maximum radiation in the so¬ 
lar spectrum is 5.1 x 10 — 5 cm, this corresponds to 
a temperature of 5700 degrees Kelvin. 

The apparent sharply defined surface of the Sun is 
attributable to changes in the opacity of its surface 
gas. The gas at the bottom of the photosphere has 
a high proportion of negative hydrogen ions that ob¬ 
struct light, causing high opacity. A few hundred 
kilometers above this layer, near the top of the photo¬ 
sphere, negative hydrogen ions are fewer; this renders 
the gas clearer and less opaque. Most of the Sun's 
light comes from this layer. This layer — where pho¬ 
tons make the transition from "walking" to flying — 
is very thin, measuring only 0.1 percent of the Sun's 
radius. Because it's thin, and because of its abrupt 
changes in opacity, it appears as a sharply defined sur¬ 
face, just as cumulus clouds in the sky appear to be 
solid. 

* X-rays have wavelengths {10‘ 7 to 10“ 10 cm) which are considerably shorter 
than visible light. Hard X-rays are at the short wavelength end of that 1000:1 
spectrum. — Ed. 


The gases of the Sun and solar atmosphere com¬ 
prise a plasma, often referred to as the fourth state 
of matter. Relatively rare on Earth, plasma normally 
exists only in regions of extreme temperatures and is 
composed of positive ions and free electrons, although 
it's electrically neutral in bulk composition. In the mag¬ 
netic fields of the Sun, these ions and electrons can¬ 
not move freely, but must stream in directions dictated 
by magnetic lines of force. For this reason, much of 
the solar atmosphere moves in particular patterns 
following twisted and intricate magnetic fields. 

Photographs of the solar surface show a pronounced 
granulation. Each of these "grains" is a convection 
cell measuring 1000-2000 km across, rising at a verti¬ 
cal rate of 2 to 3 km/sec, and lasting only a few 
minutes. The dark areas between grains mark the 
regions where cooled gas descends again into the 
Sun, Large-scale patterning of individual granules is 
called supergranulation; this involves areas some 
30,000 km in diameter, with gas flowing horizontally 
toward the outer edge of each cell. Surging motions, 
with wavelengths of 5000 km and periods of 5 minutes, 
have been observed within these areas. 

Between these areas of supergranulation are spi¬ 
cules, small needle-like structures that form the lower 
half of chromospheric loops and are best seen on the 
limb of the Sun, where they appear in emission. Since 
the temperature is too high or the density is too low 
to scatter much light in the upper part of the loop, 
these portions tend to remain invisible. Consequent¬ 
ly, what is seen of this gas are flames that erupt and 
fade in periods lasting from 2 to 5 minutes. They form 
a transition from the photosphere to the overlying 
chromosphere, the lower layer of the solar atmos¬ 
phere. Visible to the naked eye during a total eclipse 
as a ring of small, intense red flames encircling the 
Sun, the chromosphere is about 2500 km thick, and 
the temperature in its upper regions exceeds 10,000 
degrees Kelvin. 

the corona 

Above the chromosphere is the solar corona, a pale 
glowing halo of gas surrounding the Sun. Gas density 
here is very low, having dropped by a factor of 10,000 
from the photosphere to the chromosphere and again 
by 10,000 between the chromosphere and the lower 
corona. Like the chromosphere, the corona is normally 
visible to the naked eye only during a total eclipse. This 
region emits only one millionth the amount of light 
produced by the photosphere, yet its temperature is 
1 to 2 million degrees Kelvin. 

When gases are heated, they become ionized, losing 
one or more electrons. In the corona, hydrogen and 
helium are essentially bare nuclei, while the electron 
shells of heavier elements are severely depleted. This 
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high degree of ionization is one characteristic of ex¬ 
tremely high temperatures. 

These high temperatures were deduced from early 
spectroscopic studies. For a number of years, how¬ 
ever, this evidence was discounted because it appar¬ 
ently violated the second law of thermodynamics, 
which states that heat cannot spontaneously flow from 
a cool object (the photosphere at 5700 degrees Kelvin) 
to a hotter one (the corona at 1 to 2 million degrees 
Kelvin). So fundamental was this objection that for 
several decades physicists refused to accept spec¬ 
troscopic analysis at face value. Finally, in the 1940s, 
the idea of a truly hot corona was accepted and pro¬ 
gress was made in coming to terms with this appar¬ 
ent contradiction. It now appears that magnetic effects 
and shock waves from subsurface convection are 
responsible for the transfer of large amounts of energy 
to the corona. 

Early photgraphs of the corona taken during total 
eclipses showed it as a bland sphere of gas whose 
shape was dependent upon the phase of the solar 
cycle. During the years of high solar activity, it com¬ 
pletely surrounded the Sun. In years of minimal activ¬ 
ity, it was concentrated along the equator, with little 
gas visible in the polar regions. More recent studies 
conducted at a variety of wavelengths, particulary 
ultraviolet and X-ray, confirm this phenomenon and 
also show that the corona is not static, but rather an 
area of complex activity and turbulent motion. 

Transient features of the corona include loops, 
streamers, and holes that seem so prevalent that some 
astronomers believe there may be no such thing as 
a “quiet'" corona. Coronal features may be even more 
transient than once believed. Multiple photographs 
taken during any solar eclipse provide some evidence 
of movement in these features even during this very 
short period of time. 

magnetic field has major influence 

Individual loops and streamers suggest the patterns 
formed when iron filings are sprinkled near a magnet. 
The structure of the Sun's magnetic field imposes it¬ 
self on the coronal gas. The interaction of this gas and 
the Sun's magnetic field is governed by the basic laws 
of electromagnetism. A charged particle in a magnetic 
field is subjected to a force that depends on its charge, 
its velocity, and the strength of the magnetic field. 
Only components of the particle's motion that are at 
right angles to the field are affected, with the net re¬ 
sult that charged particles move in helical paths around 
the magnetic lines of force. Put another way, a par¬ 
ticle is free to move in the direction of the field, but 
if it's pushed at right angles to the field, it moves in 
a circle rather than in a straight line. Thus, charged 
paticles in a magnetic field are said to be “frozen" to 


the field, and free to move only in the direction of the 
field's lines of force. 

Since the coronal plasma is highly ionized, the 
corona is an excellent electrical conductor and can sus¬ 
tain large electric currents. These currents, in turn, 
give rise to magnetic fields that modify the original 
magnetic fields. This two-way interaction gives the 
corona a complexity that is simply unavailable in a non¬ 
conducting gas. 

Studies have indicated that transient events, such 
as coronal loops, may be uplifted by magnetic buoy¬ 
ancy. Regions with strong magnetic fields are buoyed 
up by the surrounding gas within the corona. These 
loops may suddenly become unstable and rise rapidly 
through the corona. Causes of this instability may be 
the random motion of photospheric gas at the base 
of a magnetic loop or the response to a violent photo- 
spheric event such as a solar flare. 

generation of solar wind 

Since magnetic loops are bound to the solar sur¬ 
face at both ends, there's no way for the coronal gas 
in these loops to escape into interplanetary space. 
However, in the regions where the Sun's magnetic 
lines of force stretch infinitely outward, the solar wind 
can escape along these field lines. It's now believed 
that much of the solar wind material, especially the 
high-speed streams, originates within these coronal 
holes. 

Coronal transient events may provide another avenue 
for escape of material into space. If a closed loop be¬ 
comes unstable, it can rise and expand to the point 
at which its field lines open up, ejecting material from 
the Sun. Observations have also revealed the existence 
of coronal “bullets" — knots of cool, dense material 
that are accelerated through the corona and may con¬ 
tribute to this outflow from the Sun. 

sunspots 

Sunspots are the Sun's most obvious surface fea¬ 
ture. Very large groups may be visible to the naked 
eye, particularly when the solar disk is obscured by 
thin clouds or fog. 

A sunspot is essentially a broad, shallow depression 
in the photosphere. The umbra, or central floor of the 
depression, appears dark because its temperature is 
1700 degrees Kelvin below the temperature of the sur¬ 
rounding photosphere. At this lower temperature, it 
emits only one-quarter the light of the surrounding 
gases. It's believed that the lower temperatures as¬ 
sociated with the umbra are due, in part, to intense 
magnetic fields, first discovered by observation of Zee- 
man splitting in spectral emission lines.* Individual 


4 Splitting of the line spectrum of a light source by the influence of a mag¬ 
netic field. — Ed. 
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SOLAR WIND 



fig. 1. How various types of radio bursts may be produced by solar flares. 


magnetic fields, centered in the umbra, have a typi¬ 
cal intensity of 3000 gauss* and are confined and 
compressed by the surrounding gases. Magnetic fields 
of this strength can be duplicated on a small scale 
within a laboratory environment. It's interesting to note 
that in such a field it's nearly impossible to maintain 
your grip on a metallic object; a wrench or screwdriver 
will literally tear itself out of your hand and slam up 
against one pole of the magnet. 

The sunspot umbra is surrounded by the penum¬ 
bra, a gray striated border of material that slopes up 
and outward from the umbra to the surrounding pho¬ 
tosphere. The magnetic field emerging from the um¬ 
bra spreads out across the penumbra. At some distant 
point, this field is again compressed and reenters the 
solar surface, often in a neighboring sunspot of op¬ 
posite magnetic polarity. As the magnetic lines of force 
arch up between the two sunspots, a "moat" — an 
area outside the sunspot, beneath the magnetic arch, 
that is essentially free of any magnetic influence — 
sometimes forms. 

Sunspots are normally found in bipolar groups with 
opposite magnetic polarities. Their magnetic fields nor- 


* Compare this to the considerably smaller magnetic field surrounding the 
Earth, — Ed. 


mally run east and west and are of opposite polarities 
on either side of the solar equator. The differential 
rotation of the Sun is the mechanism thought respon¬ 
sible for this. Because the Sun behaves as a fluid rather 
than solid sphere, surface rotational velocities vary 
with distance from its equator. The time required for 
one complete rotation ranges from 27 days in equator¬ 
ial regions to 33 days near the poles. This unequal 
movement drags the entrapped magnetic lines of force 
around, under the solar surface, winding them tight¬ 
er and tighter. The formation of sunspots, with their 
associated disturbances, begins to disrupt these fields. 
They become increasingly chaotic and, eventually, are 
neutralized as a new cycle of opposite polarity begins. 

sunspot cycle 

Individual sunspot groups may last from a few 
weeks to several months. The first spots in a new 
11 -year cycle appear in a broad band centered around 
the 40-degree north and south latitudes. As the cycle 
progresses, succeeding new spots migrate toward the 
equator. The regions of sunspot formation die out as 
they approach the equator and, simultaneously, sun¬ 
spots of a new cycle appear at midlatitudes. 

Huge clouds of gas called prominences are ejected 
from these sunspot regions. There are two types: 
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fig. 2. Model of a shock wave and ejecta some 6 minutes after the explosive phase. 


eruptive and quiescent. Eruptive prominences move 
outward from the photosphere with velocities of 1000 
km/sec. Quiescent prominences are masses of flow¬ 
ing gas held in relatively fixed positions above the Sun 
for hours or days by constraining magnetic fields. 

flares 

The largest blasts of energy and material on the sur¬ 
face of the Sun are flares. A single large solar flare 
may release the explosive power of 100 million hydro¬ 
gen bombs, each with a yield of 100 megatons. Flares 
are normally observed in the light of hydrogen or 
ionized calcium. The largest, called “white-light'' 
flares, are visible to the naked eye. All involve the high¬ 
speed ejection of material from the surface of the Sun. 
Not visible to optical telescopes is the cloud of elec¬ 
trons ejected by a flare, which is detectable only by 
radio telescope. 

The regions of the Sun where flare energy is re¬ 
leased are probed most directly by observation of cen¬ 
timeter radio emissions (listen to WWV at 18 minutes 
after the hour for the solar flux — 10.7 cm numbers) 
and the detection of hard X-rays. Continued observa¬ 
tions at these wavelengths has led to some under¬ 
standing of pre-flare conditions and flare activity. 
Pre-flare buildup is observed at centimeter wave¬ 
lengths as small areas of increased brightness that 
exhibit shifts in polarization. At times, these regions 
show polarization increases of 100 percent and bright¬ 
ness temperatures of 10 million degrees (a measure 
of radio intensity rather than actual temperature). 

Three types of flare models, each with their own 
distinctive magnetic structure (ffg. 1), have been pro¬ 
posed. In one type, currents run along field lines 
arranged in isolated loops to form a sheared magnetic 
field capable of producing instabilities. The second 


type involves current sheets at the interface of two 
loops having opposite magnetic polarities. The third 
type offers large-scale current sheets between open 
magnetic field lines. The variation of radio wave polar¬ 
ization with time indicates the primary release of 
energy occurring by magnetic reconnection in very 
localized areas. This energy release is rapid, being dis¬ 
tributed throughout the magnetic loop in less than 10 
seconds. In every case, the size and shape of the mag¬ 
netic field undergoes major transformations an hour 
or so before a flare, with the primary release of energy 
occurring in the upper portions of isolated loops. 

The progress of a flare (fig. 2) may be divided 
into two phases. In the first, the visually observable 
flare appears with strong emissions in the hydrogen 
(Balmer) alpha line (6560 A units, red light) and is ac¬ 
companied by the ejection of an electron jet at 
velocities up to half the speed of light. As they recede 
from the Sun, these particles are slowed through in¬ 
teractions with the solar magnetic field and the sur¬ 
rounding solar atmosphere. During this initial phase, 
X-rays and centimeter radio waves are generated in 
the region of the optical flare. As the flare moves up¬ 
ward through the layers of the solar atmosphere, radio 
energy is detected at progressively longer wavelengths. 
This “synchrotron" radio emission originates as these 
relativistic electrons spiral in the magnetic fields. The 
initial radio energy from a flare is designated as a Type 
II radio burst; it serves as the chief diagnostic tool for 
investigation of flare activity and the solar corona. 
Type II bursts (fig. 3) are characterized by narrow 
bands of intense radio emission that drift slowly 
toward lower frequencies. Generally composed of a 
fundamental frequency and second harmonic, this 
dual-frequency emission is characteristic of oscillations 
within a plasma. 
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fig. 3. Contour plot of solar radio burst and its second 
harmonic (flux level proportional to gray scale). 


The natural vibration frequency of a plasma is direct- 
ly related to its electron density. Density decreases 
with altitude above the Sun's surface; therefore, the 
lower the frequency, the greater the height of origin¬ 
ation above the photosphere. The velocity of a shock 
wave can be determined by its frequency drift; shock 
wave velocities up to 3000 km/sec have been observed. 

The shock front formed by a solar flare is believed 
to be quite thin, averaging only 1000 km from front 
to back. As such, it will move through a given point 
in the solar atmosphere in less than a second. Shock 
fronts form only when the wave velocity exceeds a 
critical value called the Alfven velocity, which is to 
magnetic waves what the speed of sound is to acous¬ 
tic waves. It is determined by the strength of a region's 
magnetic field and electron density. 

In the second phase of flare activity, a gas cloud 
moves up behind the electron jet, but at a much lower 
velocity. If this material is expelled at a speed greater 
than 500 km/sec, it will also generate a shock wave 
that expands outward ahead of it. Since the solar 
atmosphere has a relatively low density and strong 
magnetic field, this shock wave becomes a fast- 
moving magnetic disturbance rather than the more 
familiar pressure wave. Rising through the corona, it 
generates radio emission at the leading edge of the 
cloud as it pushes through the tenuous solar atmos¬ 
phere. The ejection of this material is also accom¬ 
panied by a Type IV radio flare, which takes the 
form of broadband emission over a wide range of 
frequencies. 

During a solar flare, the total visible radiation changes 
by much less than 1 percent; however, ultraviolet and 
X-ray radiation may increase a hundredfold. When this 
radiation strikes the ionosphere, it changes the amount 
and distribution of free electrons. These shifts in elec¬ 
tron density, in turn, affect the refractive characteris¬ 
tics of the ionosphere.* 

Although the radio output of the Sun is very small 
in comparison to its output at visible wavelengths, 
radio output is highly variable and tends to follow the 
11-year solar cycle. During a large flare, the radio 
energy of the Sun may increase a millionfold for short 
periods. 

In spite of this increased activity outside the visible 
spectrum, the radiative output of the Sun remains rela¬ 
tively constant, with short-term variations of less than 

I percent. This energy amounts to 1400 watts per 
square meter at the distance of the Earth. Small-scale, 
long-term variations in this "solar constant" follow the 

II -year sunspot cycle and other, longer, less easily de¬ 
termined cycles. 

delay effects of solar "bombardment" 

Solar particles ejected from the Sun travel much 

* Which, of course, is the main focus of our attention, — Ed. 
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fig. 4, Earth's magnetosphere as charted by satellites. 


more slowly than its electromagnetic radiation. It takes 
some 24 to 36 hours after an event before they im¬ 
pinge on the upper atmosphere, changing its chem¬ 
istry and creating aurorae.* These colored, swirling 
patterns of light are visible around the Earth's north 
and south magnetic poles. 

Magnetic fields from the surface of the Sun are 
frozen into the solar wind and drawn out by the flow. 
The magnetized plasma of the solar wind cannot easily 
penetrate the closed magnetic field of the Earth. Con¬ 
sequently, as the solar wind encounters the Earth's 
magnetosphere, a shock wave (fig. 4) develops. This 
bow shock, formed 60,000 km on the "upwind" side 
of the Earth, is analogous to the shock wave that 
forms in front of an aircraft moving at supersonic 
speeds. However, the Earth's bow shock isn't fixed 
in position, but moves back and forth in response to 
pulses of energetic particles streaming out of the Sun. 
Beyond this wave, the solar wind plasma flows much 
more slowly around the Earth's magnetic field. 

the Van Allen belt 

If captured by the Earth's magnetic field, particles 

from the Sun form two doughnut-shaped belts or rings 

* 

around the Earth. These were discovered in 1958 by 
James Van Allen, using particle counters aboard 
Explorer 1, the first United States satellite. The inner 
Van Allen belt is about 2500 km and the outer Van 
Allen ring is about 15000 km above the Earth's mag¬ 
netic equator. Particles temporarily stored in these 

• This helps explain short-term F2 layer enhancement followed a day or two 
later by higher absorption — as experienced on 80 meters, for example. — Ed. 
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belts oscillate back and forth along the lines of force 
of the Earth's magnetic field. Eventually they leak out 
the ends of these magnetic "bottles" and into the 
Earth's atmosphere. Here, these ions collide with 
upper atmosphere air molecules, causing spectral 
emission lines whose color is determined by the ele¬ 
ments and collision energies involved. 

The Van Allen belts are one manifestation of the 
interaction of the Earth's magnetosphere with the solar 
wind. The supply of ions and electrons forming the 
Van Allen belts is continuously replenished by the solar 
wind. By the time it reaches the Earth, this wind has 
a density of 5 ions per cubic centimeter and moves 
with an average velocity of 500 km/sec (about a million 
miles per hour). These values increase dramatically 
during periods of intense solar activity. 

The electrons circulating in the Van Allen belts also 
generate an enormous amount of radio energy. This 
synchrotron radio emission may reach power levels of 
1 billion watts at frequencies between 100 and 300 
kHz. Fortunately, the ionosphere forms a normally 
effective barrier preventing radio energy with wave¬ 
lengths greater than 100 meters from reaching the 
Earth's surface. It's interesting to note that Grote 
Reber, the amateur radio astronomy pioneer, con¬ 
structed a large dipole array in Tasmania which can 
"see" through the ionosphere at a wavelength of 300 
meters on the occasional nights when the electron 
density of the ionosphere falls to abnormally low 
values. 

The ability of the various layers within the iono¬ 
sphere to refract radio energy is determined by a 
number of factors. The time of day, season of year, 
phase of the sunspot cycle, transient solar events, and 
the Sun's core conditions 30,000 years ago all affect 
hf radio communications at this moment . The con¬ 
tinued study of the Earth's magnetosphere and the 
Sun's atmosphere may eventually allow us to forecast, 
with increasing certainty, the hourly state of the 
ionosphere and its impact on hf communications. 
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better frequency stability 

for the Drake TR7 


Adding a circuit board 
improves performance 
without affecting appearance 


Although the TR7 has a rather stable VFO, it can 
still be improved. With this modification, its stability 
becomes comparable to that of synthesized frequency 
generators; consequently, it becomes more useful in 
the following ways: 

• If you're operating on AMTOR, retuning is not 
necessary. 

• Your operating frequency is stable within a second 
or so after switch-on, even in a cold shack. 

• The frequency setting remains stable for an in¬ 
definite length of time, making the rig usable for 
remotely controlled installations such as AMTOR 
repeaters. 

Improved frequency stability is achieved by means 
of a Digital Automatic Frequency Control (DAFC) 
circuit. A frequency counter with a crystal-con trolled 
reference measures the frequency to be stabilized. If 
the count is above or below a defined fixed value, a 
dc voltage controlling a varicap within the VFO is 
altered so as to counteract any frequency deviation. 
The divider ratios used in this design produce a series 
of stable frequencies which are separated from each 
other by 30.5 Hz. Actually, the frequency slowly varies 
about the nearest 30,5-Hz point. This is because the 
output is either too low or too high, but never exactly 
on. That's why the control voltage continues to hunt. 

These fluctuations are generally not noticed when 
operating in CW, SSB, AMTOR, or RTTY. If you 
connect a frequency counter, you can see that the 
VFO frequency excursions amount to not more than 
± 10 Hz. PAOKSB has designed a circuit that can be 
incorporated into existing VFOs; he describes the 


I theory behind this kind of frequency control in detail 
in reference 1. 

The present circuit provides VFO frequency control 
by applying the correcting voltage to the RIT-line. This 
also enables a possibly connected external VFO to be 
frequency controlled when switched on. 

The reference frequency used is the TR7's 500-kHz 
signal drived from the 40-MHz main crystal reference, 
thereby eliminating the need for a separate crystal os¬ 
cillator. PAOKSB's circuit uses a pointer instrument 
to indicate the tuning voltage and an UP/DOWN 
switch for manual control of this voltage. 

I wanted to find a way to avoid drilling holes into 
the front panel of the transceiver for additional 
switches and a meter. The TR7 already has UP/- 
DOWN keys; when you depress the STORE key, the 
UP/DOWN keys are assigned to the DAFC circuit for 
as long as the STORE key is held down. The rest of 
the time the UP/DOWN keys perform their usual func¬ 
tions. This means that the initial function of the 
STORE key can no longer be used — a sacrifice which 
is more than justified by the advantages of the DAFC 
circuit. But I couldn't find a way to have the S-meter 
indicate the DAFC control voltage; instead 1 adopted 
an idea proposed by K6EHV. 2 Two lamps indicating 
the upper and the lower limit of the control voltage 
are sufficient to display this information. The FIXED 
lamp (the upper one) indicates that the control volt¬ 
age has exceeded its upper limit. The SET BAND lamp 
(the lower one) shows that the control voltage has 
gone below its lower limit. Besides being DAFC indi¬ 
cators, both lamps still serve their traditional purpose; 
in normal operation the control voltage does not reach 
either limit, so the double use of the lamps presents 
no problem. 

circuit description 

The circuit for this modification is shown in fig. 1. 

By Urs Hadorn, HB9ABO, Im Riedtli 1, CH-8154 
Oberglatt, Switzerland 
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The VFO signal enters the DAFC circuit at terminal 
P. A broadband autotransformer, T1, steps down the 
signal to match it to the low impedance input of Q1, 
where it is amplified to TTL level to enable it to drive 
the frequency counter chip U1. U1 divides the VFO 
frequency by 8. After each counting period, the count 
(1 bit) is stored in U2A and the counter is reset to zero. 
The binary counters U4 and U5 divide the 500-kHz 
reference by 2 17 , thus establishing the counting period 
of 262 ms. A short time (determined by R12, CIO) after 
the rising edge of the counter clock, U2B generates 
the reset pulse for the counter. The reset pulse width 
is given by R13, C11. The integrator U3 transforms 
the 1 -bit count result into a slowly rising and falling 
dc vo/tage which is used to control the VFO frequency. 
The integrator time constant is established by R4 and 
C5. This control voltage and the former RIT voltage 


entering the circuit at terminal 4 are combined via R8 
and R11. The resulting dc voltage is put onto the RIT 
line at terminal 2 for the VFO in use (internal or exter¬ 
nal). CR1 and R9 reduce the original RIT voltage so 
that the combined voltage looks like the former RIT 
voltage when RIT and DAFC voltages are at mid¬ 
range. The integrator output voltage, and with it the 
VFO frequency, can be raised or lowered manually by 
applying either +5 volts or 0 volts via R7 to the in¬ 
tegrator input. 

The circuit associated with thyristor Q5 ensures that 
the integrator output voltage starts at mid-range at 
power-up. After switch-on, Q4 conducts, thereby pull¬ 
ing the integrator input down via R20 and the relay 
contact to ground. U3's output voltage rises at a rate 
determined by R20 and C5. As soon as it reaches 
approximately 6 volts, SCR Q5 fires and cuts off the 
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relay driver Q4, which releases the integrator input by 
floating R20. This mechanism is not repeatable be¬ 
cause Q5 remains on (i.e,, conducting) via R21 until 
the power is turned off. 

The two op amps of U6 are used as comparators. 
The upper comparator drives Q2 into saturation when 
the integrator output voltage drops below the lower 
limit of about 2 volts. Q2 turns on the SET BAND 
lamp. The lower op amp drives Q3 and with it the 
FIXED lamp when the output voltage rises above the 
upper limit of about 10.5 volts. 

construction 

Component layout is not critical. I have built several 
versions of this circuit mostly using Veroboard. Follow 
sound rf construction techniques in the area of T1, 
Q1, and U1: provide a low impedance common 
ground, keep leads short, and pay attention to shield¬ 
ing. The components used are easy to obtain and low 
in cost. Impedance transformer T1 is wound on a 
ferrite toroid core (Philips Part No. 4322 020 97170) 
with an OD of approximately 0.37 inch and an ID of 
approximately 0.22 inch. There is no reason why other 
suitable types — for example, an Amidon FT37-63 or 
FT37-67 — could not be used. 

The winding consists of ten turns of a twisted trans¬ 
mission line you can make yourself. Stretch out a 
23.6-inch length of enameled copper wire with a 
diameter of about 0.016 inch (AWG 26) to smooth out 
any bends, then cut it in half. Using a hand drill, twist 
the two pieces to obtain about five turns per inch. 
Wind ten turns of this transmission line on the toroi¬ 
dal core, taking care that the windings are equally 
spaced on the circumference. Then connect one end 
of one wire with the opposite end of the other wire. 
This connection is the low impedance port (2) of the 
transformer. The other two ends form the high imped¬ 
ance input (3) and the ground end (1), respectively. 
They may be interchanged without any effect because 
the transformer is symmetrical. 

The relay may be replaced by a 12-volt type, in 
which case it has to be connected to the 13.6-volt bus. 
The capacitor at C5 should be a polystyrene or similar 
type. Electrolytic or tantalum capacitors would exhibit 
too much leakage at this point of extremely high resis¬ 
tance. To keep the height of the pc board low, we 
used three 0.33-jtF capacitors instead of one 1-^tF 
capacitor. The voltage divider chain for the compar¬ 
ators (R14, R15, R16, R17) should be selected to be 
within 2 percent of nominal value to define the range 
limits of the control voltage accurately. 

initial tests 

The completed circuit board should be tested be¬ 
fore it's incorporated into the transceiver. The follow¬ 
ing hints assume that there are no leads and signals 


connected, except for the 13,6-volt supply and those 
mentioned. When removing and replacing ICs, be sure 
to disconnect the power supply first. 

power supply 

Remove all ICs except regulator U7. Verify that there 
is + 5 volts at the regulator output. Check whether 
there is 2.5 volts at pins 3 and 5 of U6. The current 
drain from the 13.6-volt supply should be around 10 
mA. Insert all ICs. The current drain should now be 
around 30 mA. 

integrator 

Remove U2. After power is connected, the relay 
should actuate momentarily and drop out immediate¬ 
ly. The output voltage at pin 6 of U3 should be in the 
vicinity of 6 volts. Connect terminal No. 1 of the board 
to ground (corresponding to a depressed UP switch). 
The output voltage of U3 should rise within a few 
seconds to 11 volts. Connect terminal 1 with terminal 
12, (corresponding to a closed DOWN circuit). The 
output voltage of U3 should decrease within a few 
seconds to about 0.1 volts. 

comparators 

The following maneuvers are performed by 
manipulating the UP and DOWN contacts as described 
above. Lower the integrator output voltage, starting 
from 6 volts. When the 2-volt level is crossed, output 
pin 7 of U6 should jump from 2 volts to about 12 volts. 

Raise the integrator output voltage, starting from 
6 volts. When the 10.5-volt level is crossed, output 
pin 1 of U6 should jump from 12 volts to about 2 volts. 

time base 

Remove U2. Apply the 500-kHz signal to terminal 
X. (You may use either the 500-kHz signal from the 
TR7 or a signal from another source. In any case, it 
should be a square wave of 4 to 5 V pp .) At pin 13 of 
U5 there should be a square wave of 3.81 Hz. 

frequency counter 

Remove U2, grounding pins 2 and 3 of U1. Con¬ 
nect the VFO signal (from the main board of the TR7) 
to terminal P. At pin 8 of U1, you should now detect 
a square wave measuring one-eighth of the VFO fre¬ 
quency. You can verify this by connecting the DAFC 
terminal P to the VFO line of the main board; doing 
this should cause just a minor drop of the VFO (PTO) 
voltage in the TR7. 

installation 

The DAFC circuit board is mounted to the lower side 
of the main board as shown in fig. 2. Insert a sheet 
of flexible pressure-resistant insulating material be¬ 
tween the two soldered sides. The circuit board and 
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fig. 2. Positioning of the DAFC PCB on the TR7 main 
board and arrangement of the different connecting 
points. 


the insulating sheet are fixed to the main board by 
means of a screw (5 in fig. 2) and two insulating 
spacers, each about 0.08 inch thick. To be on the safe 
side, insulate the bottom cover of the TR7 with insulat¬ 
ing tape or sheet. The connection of the board to the 
TR7 is via a 13-pin connector and two small-diameter 
coaxial cables. (See photo B.) 

switch wiring 

Label all applicable wires before modifying (see fig. 
3). After identifying wires A through F, unsolder all 
connections from the three switches and remove the 
spring hook from the STORE switch so that it can no 
longer lock when depressed. The new wiring of the 
switches is shown in fig. 4 and fig. 5. Wire F of the 
former STOREfunction is no longer used. Insulate its 
dead end and bend it into a safe place. The two wires 
from D2a and S2m are dressed together with the wire 
from the FIXED RCV switch towards the bottom side 
of the main board. The various connections to the 
DAFC board are shown in the figures, with their 
respective connector numbers circled. 


Parts list for digital AFC: 

C7.C2 

C3,C4.C8,C9 t 

0.1 ,lF 

C12.C13 

0.01,iF 

C5 

1 ,iF (or three 0.33,tF) 

C6.C7 

10 ,iF 16 V 

cio,cn 

10 pF 

CRT ,CR2,CR3 

1N4148 

CR4,CR5,CR6 

5.6-volt Zener 1N708A or 1N4626 

K1 

Reed relay 

LI 

330 /t H ferrite choke 

Q1,Q2 

2N2222 

Q3 

BC327 or 2N4037 

04 

BC237 or 2N3904 

G5 

BRY55’60 2N5061 

R1 

10 ohms 

R2 

12 k 

R3,R18,R19 

1 k 

R4 

R5,R6,R9,R10. 

100 megohms 

R12,R13,R22 

10 k 

R7 

2.2 megohms 

R8,R20 

100 k 

R11 

33 k 

R14.R17 

15 k 

R16 

51 k 

R21 

2.2 k 

U1 

74LS93 

U2 

CD4013BE 

U3 

CA3140 

U4.U5 

CD4020BE 

U6 

CA1458 

U7 

LM78L05 
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connections on the main board 

Figure 2 shows the bottom side of the TR7 main 
board. The connecting points which are used to in¬ 
stall the DAFC board are labeled with assembly and 
pin numbers according to the TR7 service manual. The 
power supply board is not part of the main board; it 
is located to the left of the main board between the 
PA radiator and the rf and a-f gain controls. The 
13.6-voit supply voltage is picked up from pin 9 (count¬ 
ed from the left) of the power supply board. The RIT 
control voltage is available on the conductor labeled 
RIT in fig. 2. In the original wiring the RIT voltage is 
run from this conductor to the internal and external 
VFOs with one wire each. 

Two wires (labeled G and H) have to be removed 
from the RIT conductor and connected instead to the 
DAFC connector, pin 2. The RIT conductor is con¬ 
nected to DAFC connector, pin 4. This completes the 
installation. It might now be necessary to realign the 
RIT control center setting according to the service 
manual (section 3.16). 

To gain confidence in this modification, zero-beat 


a strong a-m broadcast station. Switch on the pass- 
band tuning at its center position to allow for maxi¬ 
mum response at the carrier center frequency. Try the 
best zero-beat setting you can obtain; it will be some¬ 
where between 0 and 15 Hz. Don't worry if you hear 
a rather unsteady beat note. The fluctuations are in 
the order of a few Hz — less than you will ever notice 
in one of the stability-sensitive operating modes, if you 
leave the rig untouched and check in after hours or 
even days, the beat note will still be moving back and 
forth, but will be near the same 30.5 Hz point — and 
by the same few Hzf 

operation 

This DAFC circuit controls any undesirable fre¬ 
quency excursions under 2 kHz. If the drift exceeds 
this range, one of the two lamps — either FIXED 
(upper limit) or SET BAND (lower limit) — will light 
to announce that the DAFC cannot compensate for 
any further drift. It is obvious that with the inherent 
stability of the TR7 VFO, this condition is not very likely 
to occur. Holding down STORE momentarily DOWN 



Closeup shows new board placement and wiring in the TR7. 
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or UP, as is appropriate, brings the DAFC voltage back 
into its operating range. (UP and DOWN can also be 
used as a fine tuning, but I think the main tuning knob 
does a better job.) After several months of operation 
with more than one modified TR7, the range limits 
were never reached. It is therefore left to the reader 
to decide whether to build the circuit with or without 
the comparator stage and with or without making the 
connections to the lamps and switches. Tuning be¬ 
havior and the traditional functions of the UP and 
DOWN keys are not impaired at all by the DAFC. 

limitations 

When operating with RIT switched on, you have to 
take into account that after an RX/TX/RX transition 
it is not necessarily true that the frequency will be on 
the same 30.5-Hz spot as it was before. The DAFC 
has no means of remembering previous voltage/fre- 




Table 1. Interconnections between the board and the transceiver. (See figs. 2 and 5.} 

designation on DAFC board 

connector 
pin number 

Destination within TR7 

VFO (PTO) signal (P) 

- 

assembly No. 06, pin 38 

braid (coax VFO) 

- 

assembly No. 06, pin 37 

500-kHz reference (X) 

- 

assembly No. 10, pin 10 

braid — 500 kHz 

- 

assembly No. 10, pin 11 

13.6-volt supply 

10 

assembly No. 21, pin 9 
(power supply board) 

RIT voltage from RIT circuitry 

4 

conductor labeled RIT 

RIT output voltage 

2 

to wires G and H 

+ 5 volts via RIO 

12 

DOWN switch lug D2a 

integrator input via R7 

1 

STORE switch lug S2m 

SET BAND lamp 

6 

assembly No. 02, pin 6 

FIXED lamp 

8 

FIXED RCV key 

ground 

3. 5. 7, 9. 

ground solder lug near 


11, 13 

assembly No. 21 
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Frequency correcting circuit improves TR7 stability. 


quency conditions once the controlling voltage has 
been changed externally. (That's what happens when 
RIT is in operation.) 

After the power is turned on, you might occasion- 
ally hear a short chirp. This is caused by the control 
voltage being driven into mid-range. Because there are 
spurious responses at 21266.7 and 28050.0 kHz due 
to harmonics of the VFO frequency generated by the 
nonlinear amplifier at Q1, it is important to use good 
shielding at that stage. 

conclusion 

Working with the modified TR7 is very rewarding: 
no longer is there any need to warm up before a sked. 
Just switch your rig on and tune in. Should a fre¬ 
quency difference arise during a QSO, you can be con¬ 
fident that it's caused by the other station's 
equipment! 

Although this modification isn't difficult, it's a good 
idea to review references 1 and 2 as well as the TR7 
service manual. Doing so will help you understand 
what you're doing at every step along the way. 

Materials for this project can be obtained from 
HB9BGR (Charlie Egli, HB9BGR, Rumelbachstrasse 
9, CH-8153 Rumlang, Switzerland). A list of available 
items, with prices (U.S. currency, air mail delivery in¬ 


cluded), follows. 

Printed circuit board, undrilled $12.00 

Drilled circuit board $15.00 

Kit with all components and undrilled 
PCB $61.00 

Kit with all components and drilled PCB $64.00 
Assembled and tested unit $92.00 


For those who wish to etch their own full-size print¬ 
ed circuit board, artwork is provided in fig. 6. Follow 
the foil side labels and detail shown in the photos for 
parts placement. 

references 

1. "Drift Correction Circuit for Free-Running Oscillators." Klaas Spaargaren, 
PA0KSB. ham radio, December, 1977. 

2. "AFC Circuit for VFOs." by Read Easton. K6EHV, ham radio, June, 1973. 
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BASIC program analyzes 

simple ladder networks 


BASIC or PASCAL — 
which is best for you? 

This article is written in response to a recent article 
discussing a compiled PASCAL network analysis pro¬ 
gram. 1 The author of the PASCAL program contend¬ 
ed that a network analysis program written in an 
interpreted language such as BASIC would result in 
unacceptably long execution times; he also claimed 
that BASIC doesn't lend itself to structured program¬ 
ming techniques. The intent of this article is to offer 
an alternative viewpoint and to demonstrate a simple 
and useful BASIC network analysis program. 

The main fault with the BASIC language — from 
the programming teacher's point of view — is that 
BASIC lends itself to unstructured programming tech¬ 
niques, and consequently, self-taught programmers 
(most of us) tend to start writing code without having 
worked out the overall structure of the program. This 
is not a fault of the BASIC language, but of the 
programmer. A BASIC program can be just as well 
structured as a PASCAL program, but this is seldom 
so because one can start writing BASIC code with¬ 
out worrying about how it will finally end! In fact, that 
is why Dr. Niklaus Wirth developed the PASCAL lan¬ 
guage — - to force the programming student to use 
good structuring techniques. However, this forced 
method of programming is of little interest to the Radio 
Amateur wanting to learn only enough about program¬ 
ming to perform some network analysis on relatively 
simple ladder circuits. 

The contention that BASIC programs have un¬ 
acceptably long execution times is subjective and rela¬ 
tive; that is, if you are required to analyze circuits on 
a daily basis, a reduction in calculation time of more 
than half is very important. If you want to analyze only 
a few circuits with some minor modifications now and 
then — and if a tabular output instead of a graphical 
output is sufficient — then it doesn't matter too much 
whether the calculations take 5 seconds or 20 seconds 
per run. Consequently, a slower, non-compiled BASIC 


[ network analysis program may be quite satisfactory. 
The BASIC network program discussed in the follow¬ 
ing article will permit ham radio readers to decide 
which network approach they prefer. 

simple vs. complex BASIC programs: 

— which do you need? 

Although many powerful and versatile BASIC net¬ 
work analysis programs have been published in the 
electronics trade journals, the length and complexity 
of these programs make them unattractive. 2 345 In¬ 
stead of considering these more complex programs, 
why not first try the following simple BASIC program 
to see if it meets your requirements? 

short BASIC program solves simple 
ladder networks 

Computer analysis of a proposed circuit is prefer¬ 
able because many circuit variations can be more 
quickly and conveniently evaluated by computer than 
by actual circuit construction and measurement. The 
BASIC program discussed in this article permits you 
to evaluate networks consisting of alternating single¬ 
element shunt and series branches, such as Chebyshev 
high-pass or low-pass filters. By using "null" branches, 
the program can also evaluate more complex networks 
with series-tuned series branches or parallel-tuned 
shunt branches. You can specify the actual measured 
component values and Qs so you can be assured that 
your circuit, when properly assembled, will perform 
the same as your computer model. 

BASIC listing 

Figure 1 is a listing of a BASIC network analysis 
program that requires less than 3K of memory and is 
short enough to be entered into your computer at one 
sitting. Because of its simplicity, the program can't 
analyze networks having a parallel-tuned circuit in a 
series branch or a series-tuned circuit in a shunt 
branch. Elliptic low-pass and high-pass filters are 
examples of the circuits this program cannot analyze, 

Ed Wetherhold, W3ISIQISI, Honeywell Inc., Sig¬ 
nal Analysis Center, P.O. Box 391, Annapolis, 
Maryland 21401 
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10 REM Written by W3NQN on SANYO MBC-550 computer using MS-DOS BASIC* Ver. 1.1. For publication in HAM RADIO. 
20 REM Program gives filter Atten (dB) vs. Freq (MHz) for simple ladder networks with equal source & load resistances. 
30 REM RL=Load resistance. List first branch starting at load end with shunt element or a null shunt branch. 

40 REM List in Data Statements TYPE (1=R, 2=L, 3=0* VALUE (ohms* uH or pF) and Element G (IE 10 = no loss). 

50 DIM M(15)* X(15>* P(15) : PI=3.14159 : RL=50 : FU=lE+06 : LU=.000001 : CU=1E-12 : REM Max. branches = 14. 

60 DATA -3>1100*1E10 : REM Negative sign indicates prior null shunt branch in filter network shown in Figure 2. 

70 DATA 2, 1.75* IE 10 
SO DATA 3, 560* IE 10 
90 DATA 2, 1.75* IE 10 
100 DATA 3, 1100* IE 10 

110 DATA -1* 50* IE 10 : REM Negative sign indicates a null branch prior to resistor. For a resistor, IE 10 does 
120 DATA 0* 0* 0 : REM not refer to Q. The IE 10 is used only to maintain a proper data READ order. 

130 INPUT "ENTER FREQUENCY START (MHz), STEP (MHz), NO. STEPS"; FS* ST* NS 
140 FOR N*i TO 15 : READ M(N), X(N), P(N) : IF M(N)=0 THEN 160 
150 PIN) = 1/P(N) : NEXT N 

160 PRINT "Output data in Pairs" : PRINT "Freq (MHz) Atten. (dB)" 

170 FOR FX=FS TO FS+(NS*ST> STEP ST : REM Selected range of test freqs (MHz) and start of FOR/NEXT loop. 

ISO OM=2#PI*FX*FU : BR=1 : BI = 0 : DR=0 : DI = 0 : CR = RL : CI=0 : K=0 : N=0 : F 1=0 
190 K=K+i : N=N+1 : MK = M(N) : IF F1>0 THEN MK = -MK 
200 Fl=0 
210 GOSUB 360 

220 IF K=1 THEN VI = AR : REM AR = Real (Resistance). 

230 IF K-l THEN V2 = AI : REM AI = Imaginary (Reactance). 

240 IF MK= 0 THEN 370 
250 IF MK< 0 THEN 280 
260 ON MK GOSUB 290* 310* 330 
270 GOTO 190 

280 CR=0 : CI=0 : N=N-i : Fl = l : GOTO 190 : REM Null Branch. 

290 CR S X(N) : Cl =0 : IF K =INTCK/2)*2 THEN RETURN : REM Resistor. 

300 CR = 1/CR : RETURN 

310 Cl = OM*X(N)*LU : CR = CI*P(N) : IF K=INT(K/2)*2 THEN RETURN : REM Inductor 
320 DD = P(N)*P(N)+i : CR =P(N)/DD/CI : Cl * -1/DD/CI : RETURN 
330 Cl = QM*X(N)*CU : CR = CI*F<N) : IF K=INT(K/2)*2 THEN 320 : REM Capacitor 
340 RETURN 

350 REM Complex Linear Update - 

360 AR=BR*CR~BI*CI+DR • AI=BI*CR+BR*CI+DI : DR=BR : DI=BI : BR=AR : BI=AI * RETURN 

370 IF K=INT(K/2)*2 THEN 390 

380 AR=BR : AI=BI : BR=DR : BI=DI : DR=AR : DI=AI 

390 DEM= VI A 2 + V2 A 2 : RNUM= DR*Vi + DI#V2 : REM Following calculations for Freq (MHz) vs. Atten (dB). 

400 INUM = DI*V1-DR*V2 : RTXF = RNUM/DEM : ITXF = INUM/DEM 

410 MTXF = 1/(SQR(RTXF A 2 + ITXF A 2» • ATXF = -2*ATN(ITXF/(MTXF + RTXF)) 

420 AA = -20*(LOG(2)/LOG(10)) - 20*LOG(MTXF)/LOG(10) : REM Filter Atten (corrected for source resis V-drop). 

430 PRINT USING "####.## " ; FX; : IF AA>1 THEN 450 : REM Prints Freq (MHz) to two decimal places. 

440 PRINT USING " .#### " ; AA : GOTO 460 : REM Formats output for Atten less than one dB. 

450 PRINT USING " ###,# " ; AA = REM Formats output for Atten greater than one dB. 

460 NEXT FX : END : REM Program ENDS after completion of FOR/NEXT loop. 

fig. 1. Listing of BASIC network analysis program for attenuation vs. frequency. 


However, the program can analyze all networks con¬ 
sisting of alternating shunt and series branches com¬ 
posed of single elements, or those networks that can 
be configured to simulate alternating single-element 
shunt and series branches by the insertion of null 
branches. The BASIC program was derived from a list¬ 
ing found in reference 6. 

using the program 

Starting at the load end of the network and 
progressing towards the voltage source, the coding 
for each component TYPE, VALUE, and Q is entered 


in separate program DATA statements in the same 
order the components appear in the network. The 
coding of all DATA statements starts with a number 
indicating the component type (1 = resistor, 2 = in¬ 
ductor, or 3 = capacitor), followed by a second num¬ 
ber indicating the component value (ohms, ^H, or pF) 
and concluding with a third number indicating the 
component Q . 

This program always expects to start with a shunt 
branch across the load. Consequently, the coding in 
the first DATA statement must be for a shunt branch. 
However, if your circuit has no shunt branch across 
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the load, then a negative sign must immediately pre¬ 
cede the coding of the first series branch TYPE num¬ 
ber to indicate to the program that there is a prior null 
shunt branch. Whenever there is a prior null branch 
(either series or shunt), a negative sign must be placed 
before the next component TYPE number. 

The next-to-last DATA statement is the coding for 
the source resistance, and it must have the same value 
as the load resistance. For this program listing, a 
50-ohm load and source resistance is used, but you 
may change this value by changing RL in line 50 and 
the source resistance in the DATA statement. The 
DATA statements conclude with 0,0,0 to indicate to 
the program that all data entries are completed. An 
example will demonstrate the coding of the network 
components and the running of the program. 

design application and network 
analysis example 

Assume we want to protect an 80-meter direct- 
conversion receiver from overload caused by a near¬ 
by 1-MHz broadcast transmitter. Measurements show¬ 
ed that an attenuation of 50 dB at 1 MHz eliminates 
the receiver overload. A five-element Chebyshev 
standard-value capacitor (SVC) high-pass filter with 
a cutoff frequency of 3.37 MHz is selected from table 
16 of reference 7. The schematic diagram of this filter 
(design No. 54) and the frequencies at the 3-, 20-, and 
40-dB attenuation levels are shown in fig. 2. We will 
use the network analysis program to find the expect¬ 
ed attenuation at 1 MHz to see if this filter design is 
suitable. 

The analysis program shown in fig. 1 requires that 
the network branches be listed in the DATA state¬ 
ments starting with a shunt element at the load end, 
but because this high-pass filter configuration does not 
have a shunt element across the load, we must simu¬ 
late in the DATA coding the null branch indicated by 
the dashed box in fig. 2. The first branch coding 
entered in the DATA statement is for a 1100-pF capac¬ 
itor. The first number in the coding is a negative 3 to 
indicate to the program that a prior null branch exists, 
and that the following series branch is a capacitor. The 
1100 indicates the capacitance in pF and the 1E10 indi¬ 
cates no loss . This completes the coding for the first 
DATA statement. For this first example, we will as¬ 
sume all components have no loss. The coding for the 
remaining components is entered into the DATA state¬ 
ments in a similar manner, concluding with the series 
source resistance (with a negative sign because the 
previous shunt branch was a null). A DATA statement 
with three zeroes indicates to the program that it has 
worked back to the network's voltage source and that 
the input element (the source resistance) has been 
processed. Note that this program considers the 
source resistance to be part of the network being 


analyzed. See lines 60 to 120 in fig. 1 for the coding 
of the network illustrated in fig. 2. 

After the DATA statements are completed, the pro¬ 
gram is run and the responses to the prompts for 
FREQUENCY START and STEP (both in MHz) and 
NUMBER OF STEPS are entered. For our evaluation, 
we start at 1 MHz with steps of 0.2 MHz, and enough 
steps will be used to provide frequency and attenua¬ 
tion data to 4.2 MHz. The output for this run is shown 
in fig. 3A. The filter attenuates the broadcast trans¬ 
mitter signal at 1 MHz by 52.9 dB, but this was for 
perfect components. Let's see if the filter attenuation 
at 1 MHz is still adequate when we assign typical Qs 
of 1000 and 150 to the capacitors and inductors, 
respectively. 

After the Q values are changed in the DATA state¬ 
ments, the program is run again; the output is shown 
in fig. 3B. We see there is less than 0.4 dB change 
in attenuation between 1 and 4 MHz (between the 
filters that use ideal rather than real components) and 
therefore the filter should provide the required attenu¬ 
ation when built with real components. 

Note that the validity of the program's operation is 
confirmed by checking the frequency and attenuation 
output values of the program against the published 
frequencies at the 3-, 20-, and 40-dB attenuation levels 
shown in fig. 2. This was done with frequency incre¬ 
ments of 0.01 MHz and component Qs of 1E10. Figure 
3C shows the results of runs covering the frequencies 
corresponding to the 3-, 20-, and 40-dB attenuation 
levels. Because the program's calculated frequency 
and attenuation data (for no-loss components) are es¬ 
sentially identical to the data in fig. 2, it means that 
the network analysis program is functioning correct¬ 
ly, and it may be used with confidence. 

additions and refinements 

The program listing in fig. 1 gives only attenuation 
vs. frequency data; however, input impedance (Z- 
input) vs. frequency of the filter network is also often 
desired. To obtain Z-input vs. frequency, the program 
in fig. 1 is modified by adding line 470 and by chang- 
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output data in pairs 


output data in pairs 

freq (MHz) atten (dB) 


freq (MHz) atten (dB) 

1.00 

52.9 


1.00 

52.9 

1.20 

44.5 


1.20 

44.5 

1.40 

37.2 


1.40 

37.2 

1.60 

30.8 


1.60 

30.8 

1.80 

24.8 


1.80 

24.9 

2.00 

19.3 


2.00 

19.4 

2.20 

14.2 


2.20 

14.3 

2.40 

9.4 


2.40 

9.5 

2.60 

5.2 


2.60 

5.4 

2.80 

2.2 


2.80 

2.5 

3.00 

0.6974 


3.00 

0.9274 

3.20 

0.1490 


3.20 

0.3432 

3.40 

0.0136 


3.40 

0.1743 

3.60 

0.0011 


3.60 

0.1375 

3.80 

0.0118 


3.80 

0.1316 

4.00 

0.0199 


4.00 

0.1280 

4.20 

0.0217 


4.20 

0.1212 

freq (MHz) 

atten (dBi 

freq (MHz| atten (dB) 

freq (MHz) 

atten (dB! 

2.72 

3.2 

1.96 20.4 

1.30 

40.7 

2.73 

3.1 

1.97 20.1 

1.31 

40.4 

2.74 

3.0 

1.98 19.9 

1.32 

40.0 

2.75 

2.8 

1.99 19.6 

1.33 

39.7 

fig. 3. Program outputs for five frequency 

scans. (A) Both the inductors and capacitors are considered lossless. The run 

time is 25 seconds. (B) A capacitor Q of 1000 and an inductor Q of 150 are assumed. (C) Closer response examination around 

2.74 MHz. (Ol Closer response examination around 1.97 MHz. (El Closer response examination around 1.32 MHz. 


160 PRINT " Freq. Z-Input Phase R-Input X-Input":PRINT " (MHz) (ohms) (deg) -(ohms!-" 


390 AI=BR*BR + BI*BI : AR=(DR*BR + DI*BI)/AI : AI=(DI*BR - DR*BI)/AI : REM Sub-routine for Z-input. 
400 AR=AR-RL : REM Removes source resistance from Z-in calculation. 

410 PRINT USING "###.## ";FX; : REM Frequency (MHz). 

430 PRINT USING “ **#*.#" ; SQR(AR' S 2 + AF2);: REM Z-input magnitude (ohms). 

440 PRINT USING " ####.#" ; ATN(AI/AR)*180/PI; : REM Phase angle (degrees). 

450 PRINT USING " ####.#" ; AR ; : REM Real part (ohms). 

460 PRINT USING " #####.#" ; AI : REM Imaginary part (ohms). 

470 NEXT FX : END 

fig. 4. Listing of changes to fig. 1 program to get Z-input vs. frequency. 


ing lines 160 and 390 to 460, as shown in fig. 4. 
Figure 5 shows an output run using this Z-input 
subroutine. In addition to the input impedance mag¬ 
nitude, the impedance phase and the resistive and 
reactive components of the impedance are calculated 
and tabulated. (Those wishing to calculate both the 
attenuation and Z-input of the network should com¬ 
bine the appropriate lines for the two subroutines wi¬ 
thin the analysis program.) 

The program in fig. 1 can be used to analyze filters 
in the audio-frequency range if the inductance and 


capacitance units in line 40 and in the DATA state¬ 
ments are changed to millihenries and nanofarads, and 
if the frequency unit "MHz" is changed to "kHz" in 
lines 20,130, 160, 170, 390, and 430. If these changes 
are made to the program, the DATA statements are 
correct for a 50-ohm, 3.37-kHz high-pass filter, and 
the same attenuation vs. frequency data listed in fig. 
3A applies to this filter, except the frequency unit in 
the table heading is kHz, not MHz. 

The output statements of the programs shown in 
figs. 1 and 4 direct the calculated results to the CRT 
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Freq . 

Z-l npu t 

Phase 

R-Inpu t 

X-1 npu 

<MHz > 

<ohms) 

< deg) 

-< ohm 

C. )- 

1 .00 

133.2 

-90.0 

0.0 

-133.2 

1 .20 

106.5 

-90,0 

0.1 

-106.5 

1.40 

86.6 

-90.0 

0.1 

-86.6 

1 .60 

70.6 

-90.0 

0.0 

-70.6 

1.80 

57.2 

-89.9 

0.1 

-57.2 

2.00 

45.2 

-39.7 

0.3 

-45.2 

2.20 

33.9 

~88.8 

0.7 

-33.8 

2.40 

r> o c 

f 

-85.3 

1 .8 

-22.4 

2.60 

1 1 .3 

_ i C- / 

uJ i O 

4.7 

-10.3 

2.80 

11.5 

11.1 

11 .2 

2.2 

3.00 

26.6 

26.5 

23.8 

11.8 

3.20 

41 .0 

17.6 

39.1 

12.4 

3.40 

48.6 

6.2 

48.3 

5.2 

3.60 

50,0 

-1 .3 

50.0 

-1.6 

3.80 

49.0 

— o 

w i U 

48.7 

-5.0 

4.00 

47 ii 

It t U ! 

— 7 9 

i i ^ 

47.2 

-6.0 

4.20 

46.6 

-7.0 

46.2 

-5.7 


fig. 5. Z-input vs. frequency for the same test conditions 
used in fig. 3A. 


monitor; however, if hard copy is preferred, the user 
should modify all PRINT statements to cause the table 
headings and outputs to be directed to the printer. See 
your printer manual for the proper coding. 

precautions to observe when copying 
the program 

When copying the program into your computer, be 


careful not to confuse the number 1 with the letter I 
or the number 0 with the letter 0. After the transfer 
is completed, be sure to SAVE the program to disk 
or tape before attempting to RUN it. If you don't save 
the program, and the program crashes on the first run, 
you may have to reset your computer and the program 
will be wiped out. After saving the program, make a 
trial run for attenuation vs. frequency by duplicating 
the input parameters shown in fig. 3A. If your data 
output is the same as shown, you have copied the pro¬ 
gram correctly and it is ready for use. Test the Z-input 
subroutine the same way if you plan to use it later. 
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LOW BAND DX-ING COMPUTER PROGRAMS 

by John Oevoldere, 0N4UN. for Apple lle/c, MS-DOS, 
Commodore C-128 Apple Macintosh and Kaypro CPM 
Computers 

Here’s a collection of 30 super programs written by 
0N4UN. Just about every interest or need is covered—from 
antenna design and optimization to general operating pro¬ 
grams. Antenna programs include: shunt and series input L 
network design, feedline transformer, shunt network design. 
SWR calculation, plus 11 more! General Ham programs in¬ 
clude: sunrise/sunset, great circle distances, grayline, verti¬ 
cal antenna design program, sunrise calendar plus 9 more! 
Phew. When you sit down to use these programs you’ll be 
amazed at what you have. The best value in computer 
software available today. <c) 1986. 
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LOW BAND DX’ING 

by John Oevoldere 0N4UN 
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on Low Band DX’ing. Based upon years of practical on-the- 
air experience, learn the secrets of how 0N4UN has been 
so successful on the low bands. Extensive coverage is 
given to transmit and receive antennas with clear concise 
explanations and plenty of illustrations—dipoles, inverted 
Vs, slopers, phased arrays and Beverages—they’re all in 
this book. Also covered: propagation, transmitters, 
receivers, operating, software and an extensive Low Band 
bibliography. Going to be a best seller! Get yours today, (o 
1987 2nd Edition 200 pages 

[ IAR-UN Sottbound $9.95 


Please enclose $3.50 shipping & handling 




SAVE $5 BUY’EM BOTH SPECIAL OFFER 

Book & Software Reg. $29.90 ($34.96 for Mac) Just $24.90 ($29.90 for Mac) 



f JUN-SO (specify computer) $24.90 UUN-MSO Macintosh Special 


$29.90 
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minimum requirements 
for 2-meter EME: part 1 

First postulated in the early 1930s in 
Short Wave Craft , edited by Hugo 
Gernsbeck, 1 the concept of Earth- 
Moon-Earth (EME) communications 
has been around for over 50 years. 
However, it wasn't until March, 1946, 
that authenticated echoes were heard 
off the moon. This was accomplished 
with a commercial radar operating at 
approximately 112 MHz. 2 Amateurs 
weren't successful at using the EME 
path until 1950, when W3GKP first 
heard W4AO off the moon on 144 
MHz. 3 The first Amateur two-way 
EME GSO didn't occur until ten years 
later, when W1BU contacted W6HB 
on 1296 MHz on September 12, I960 4 ; 
four years after that, OH1NL and 
W6DNG completed the first 2-meter 
EME GSO, on April 12, 1964. 5 

EME communications differs from 
conventional propagation in one major 
way: the time it takes the signal to 
reach the other station. In convention¬ 
al terrestrial propagation, if a signal cir¬ 
cumscribes the Earth (such as on the 
long path) and returns to the point of 
origin, it will do so in less than 140 mil¬ 
liseconds or one-seventh of a second 
(excluding, of course, the mysterious 
long delay echoes, or LDE). Since this 
is a relatively short time period, it's 
difficult for the average Amateur to de¬ 
termine whether the signal transmitted 
ever arrived at the desired destination. 
(This is the so-called "dead band" or 
"black hole" syndrome — was the 
band open, or was there just no one 
listening in Tibet?) 

Because the distance to the moon 
is always greater than 221,450 miles 
(356,375 km) from the Earth, a radio 
signal traveling from the Earth to the 
moon and back will always take at 


least 2.38 seconds to complete the 
trip! Therefore, if you listen and hear 
your echo return from the moon, you 
can be sure your equipment is func¬ 
tional, propagation is favorable, and 
you are definitely completing the 
desired path. 

EME communications is maturing 
rapidly. Only a decade ago it took a 
sizable commitment in time, money, 
and effort to be successful on EME. 
That is no longer true for the follow¬ 
ing reasons: 

• Suitable equipment — either 
homebrew or commercial — is now 
readily available. 

• On August 29, 1983, the FCC raised 
the USA Amateur power limit to 1500 
watts output (versus 1000 watts dc in¬ 
put); this represents a potential 3- to 
4-dB improvement. 

• Improved antennas and antenna sys¬ 
tems are now available. 

• Many so-called "super stations" are 
now active. 

I still receive many questions about 
EME and am often asked what band 
I recommend. Naturally, I'd like to 
recommend 70 cm (432 MHz), since 
that's where 1 began and still continue 
most of my EME work. However, it's 
definitely easier to get on 2 meters, 
where there's a higher concentration 
of super stations, all states are avail¬ 
able, and over 50 DXCC countries 
have been active. Two meters is a 
good place to start your EME career, 
especially if larger antenna systems 
don't frighten you! 

With the first weekend of the ARRL 
EME contest just around the corner 
(October 17-18, 1987) I decided to de¬ 
vote this and next month's column to 
2-meter EME. This month's column 
will be primarily an introduction into 
EME background information and jar¬ 
gon. Next month's will address the 


minimum requirements for successful 
2-meter EME communications as well 
as the various pieces of equipment 
required. By the time this material 
appears, you should be able to set up 
your own 2-meter EME station with 
little or no assistance. 

terminology 

It would be foolish to jump into EME 
communications headfirst without 
knowing and understanding the jar¬ 
gon. Some of the more common terms 
are listed in table 1. 

Probably the most common one, 
hearing echoes, means that you can 
hear your own signal returning from 
the moon (fig. 1). As mentioned, the 
round-trip time on the EME path is 
greater than 2.38 seconds. There's 
plenty of time to send at least one or 
two letters or numbers on CW or a full 
call sign on SSB and then listen for 
your echo. 

A related term, seif-test, involves 
listening for your echoes. Whenever 
you change equipment, you can quick¬ 
ly evaluate the effect of that change 
on your system by listening to the 
strength of your echoes. If you can ad¬ 
just and measure your output power 
level accurately, you can reduce your 
transmitter power until your echoes 
are barely perceptible; you'll now have 
a reference point for any future 
changes. 

Measuring approximately 2160 miles 
in diameter, the moon travels around 
the Earth in a slightly elliptical orbit 
with an eccentricity of 0.0549. When 
the moon is closest to the Earth, it is 
said to be at perigee. At minimum this 
distance is about 221,450 miles. 6 Peri¬ 
gee occurs once every 25 to 29 days 
throughout the year, 7 at all phases of 
the moon during any one-year period, 
not just at the full-moon phase. 
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Table 1. Common EME terms (see text). 

Echo 

Self-test 

Perigee 

Apogee 

Semi-diameter {S.D.} 

Finding the moon 
Greenwich hour angle (GHA) 

Declination 
Right ascension 
Local azimuth 
Local elevation 
EME window 
See the moon 
Common window 
Rising or setting moon 
European, North American, and Asian EME 
window 

Faraday rotation 
Cross polarized 
Doppler shift 
Libration fading 
Scintillation 

Ground, sky, and sun noise 

Cold sky 

Hot spot 

Horizon shot 

Ground gain 


Since the moon orbits the Earth in a 
sinusoidal manner, it stays fairly close 
to perigee for five to seven days at a 
time. Then the moon rapidly moves 
away from the Earth, almost like a pen¬ 
dulum, until it reaches apogee, its 
furthest distance from the Earth. At 
maximum this distance is approximate¬ 
ly 252,736 miles (406,720 km), where 
the moon also stays for five to seven 
days. The average distance between 
perigee and apogee is 25 to 30,000 
miles (40 to 48,000 km). Because of 
this property, EME signals at maximum 
apogee are attenuated by an additional 
1.12 dB on each path direction, or 
overall about 2.25 dB more than at 
minimum perigee. 

Astronomers often refer to apogee 
and perigee by the term semir 
diameter, or S.D; this is the apparent 
ha If-width of the moon as viewed from 
the Earth in minutes of arc. The daily 
S.D. is shown at the foot of the pages 
in #/ The Nautical Almanac." 89 Perigee 
varies greatly throughout the year; 
typically, it occurs with an S.D. of 16,1 
to 16.7, which indicates an apparent 



arc of 32.2 to 33.4 minutes, or just over 
half a degree of angular width as 
viewed from the Earth. Apogee is 
much more uniform throughout the 
year, with a typical S.D. of 14.6 to 
14.8. 

I first published a graph showing the 
relationship between S.D., perigee, 
and apogee in the Eimac EME notes. 10 
It was later published in reference 9 
and has been reproduced in reference 
11. Figure 2 shows a recently revised 
version. 

finding the moon 

The moon's position is generally 
referred to in terms of Greenwich 
Hour Angie (GHA) and deciination. 
GHA is the Earth's longitude over 


which the moon appears to be hover¬ 
ing, referenced to the Greenwich 
Meridian. The GHA of the moon varies 
a slight bit less than the rotation of the 
Earth, or just under 15 degrees per 
hour. 

The moon's declination is refer¬ 
enced to the Earth's equator. There¬ 
fore, the declination of the moon 
represents the angular number of 
degrees the moon is north or south of 
the Earth's equator (this is the same as 
the Earth's latitude). The declination 
of the moon varies in a sinusoidal man¬ 
ner. Every 25 to 29 days, the moon 
reaches maximum northerly or south¬ 
erly declination for five to seven days 
at a time. Declination changes slow¬ 
ly, seldom varying more than a degree 
per day at maximum, but with large 
variations — up to several degrees per 
day — when going from northerly to 
southerly declination and vice versa. 

The moon's maximum declination is 
a slow, smooth function of its location 
with respect to the 18- to 19-year lunar 
cycle and varies between about 18 and 
28 degrees. In the years from 1986 
through 1989, we have been and will 
continue to be near maximum declina¬ 
tion. Minimum declination of 18 de¬ 
grees last occurred between 1977 and 
1979 and will occur again between 
1995 and 1998. 7 

Sometimes the moon's position may 
be defined in terms of right ascem 
sion and declination. This is another 
astronomical coordinate system which 
locates the apparent position of the 
moon with respect to the number of 
degrees east of the vernal equinox and 
the declination as previously dis¬ 
cussed. Right ascension can be ex¬ 
pressed in degrees, but is usually 
expressed in terms of hours and 
minutes, with one hour representing 
15 degrees. Right ascension is often 
used to determine which portion of the 
sky or constellation is behind the moon 
as viewed from the Earth (more on that 
shortly). 

In the good old days, we EMEers 
used to find the moon either by look¬ 
ing up at the sky and aiming our an¬ 
tennas accordingly or by using the 
hourly GHA and declination values 
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shown in The Nautical Almanac with 
the tabular method described in refer¬ 
ence 9. For example, if the moon's 
position was at GHA 66 degrees with 
a north declination of 18 degrees, 26.5 
minutes, we knew it would appear 
directly overhead in San Juan, Puerto 
Rico. This was a tedious procedure; 
sometimes we'd goof, but that was 
part of the challenge on EME commu¬ 
nications. 

Later some fortunate EMEers with 
access to large mainframe computers 
and moon orbital prediction programs 
could print out a year's worth of data 
showing the local azimuth and ele¬ 
vation angles of the moon every 10 or 
15 minutes of the day. With personal 
computers, that's changed; accurate 
moon position programs are now avail¬ 
able even for the least expensive PCs. 
One of the most popular is the one 
written by Lance Collister, WA1JXN. 
Just input your latitude and longitude 
and the program displays or prints out 
your local azimuth and elevation to 
the moon as well as the GHA, declin¬ 
ation, and right ascension for any day, 
time, or increment of time desired.* 
Figure 3 shows a sample printout; 
other output data shown will be dis¬ 
cussed shortly. 
the EME window 

For successful EME echoes, the 
moon must be above your horizon. 
You don't actually have to be able to 
see the moon for successful EME 
operation; you just have to be sure that 
you'd be able to see it if the skies were 
clear. The moon isn't usually visible to 
the naked eye — especially in daylight 
— when it's within one to two days of 
its new moon phase, but this may still 
be acceptable for EME operation. 

Most EMEers know their local an¬ 
tenna azimuth and elevation limits 
based on the size of the antenna struc¬ 
ture and any local obstructions. They 
translate these local parameters into 
GHA and declination limits. If you have 
a few different days of EME printout, 


•For a copy of this program suitable for IBM compat¬ 
ibles or the Apple Macintosh, send a double-sided, 
double-density diskette with sufficient return postage 
to Gene Shea, KB7Q, 417 Staudaher Street, Bozeman, 
Montana 59715. 


typically one at maximum northerly, 
one at maximum southerly, and an¬ 
other at zero moon declination, you 
can easily determine your EME win¬ 
dow. Then it's just a simple matter of 
comparing your window with the win¬ 
dow of the station you want to reach 
to see whether you have a common 
window at the desired schedule time. 
If you do, contacts at distances great¬ 
er than 10 to 11,000 miles (16 to 18,000 
km) are possible. 

When 2-meter EME operation took 
off in the early 1970s, there were many 
stations using large tropo antenna ar¬ 
rays that were rotatable only in 
azimuth. Therefore, they could oper¬ 
ate EME only when the moon was low 
on the horizon — usually referred to 
as a rising or setting moon — typi¬ 
cally below 10 degrees of elevation. 

This concept was further expanded 

and standardized by Bob Sutherland, 

— 


short circuits 
HW-101 readout 

In fig. 2 (top board schematic) of 
NU4F's article, "A True-Frequency 
Digital Readout for the HW 101” (Jan¬ 
uary, 1987, page 8), the connection 
between the 600-ohm resistor and the 
1.0-MHz timing crystal, which goes to 
pin 6, U5, is also shown connected to 
the run from pins 1, 2, 4, 5, and 8. This 
connection should go only to pin 6, 
U5. 

U13 through U16 were omitted from 
the parts list on page 12; these are 
74LS00 Quad NAND gates. 

2-meter Yagi 

In fig. 2 of WIJR's May column 
(see page 95), the spacing of the first 
director is shown as 26 7/8 inches. 
This should have been indicated as 26 
7/16 inches. According to the author, 
this discrepancy would probably not 
affect performance. 
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W6P0. 1214 Three windows, the Eu¬ 
ropean, North American, and Asic 
an EME, windows were defined. All 
three required the moon to be at any 
positive (north) declination. 

The start of the European EME 
window is two hours before the moon 
sets in Frankfurt, West Germany. 
The Asian EME window begins when 
the moon rises above the horizon in 
Kurume, Japan and ends two hours 
later. The North American EME win¬ 
dow is sandwiched between the Euro¬ 
pean and Asian EME window. Hence, 
it starts immediately after the Europe¬ 
an EME window and ends when the 
Asian window opens. It is centered on 
a GHA of 116 degrees, which can also 
be described as the 116-degree west 
longitude meridian which passes just 
to the west of Las Vegas, Nevada, 

This may all seem confusing and 
difficult to remember. However, the 
WA1JXN moon locator program un¬ 


complicates it by incorporating all 
these windows in the printout. If you 
look at fig. 3, you'll see the letters E, 
N, and A alongside the printout be¬ 
tween 1500 and 2145 UTC. These 
letters indicate, respectively, the times 
when you're in the European, North 
American, and Asian EME window. 
Simple enough? 

path anomalies 

So far I've mentioned only the 
anomalies attributable to the difference 
in path attenuation. Many others af¬ 
fect not only the returned signal 
strength, but its quality; these include 
Faraday rotation, doppfer shift, 
iibration fading, scintiiiation, and 
noise . 

On 2-meter EME, Faraday rotation 
is probably the biggest problem. 
Whenever a linearly polarized elec¬ 
tromagnetic wave passes through an 
ionized region such as the ionosphere, 


its polarity is shifted or rotated. On 
EME this is a double problem because 
signals pass through the ionosphere 
twice, once on the way to the moon 
and again on the return. Dick Turrin, 
W2IMU, has suggested the following 
rule-of-thumb equation for maximum 
Faraday rotation one way on 100 MHz 
and above: 15 

8 = 200/f 2 

where 0 is the maximum number of 
degrees of Faraday rotation one-way 
and f is frequency in GHz. For exam¬ 
ple, the maximum one-way Faraday 
rotation on 144 MHz can reach 9645 
degrees! 

Faraday rotation is usually minimal 
for a station operating on the equator 
with the moon directly overhead be¬ 
cause the magnetic field in the direc¬ 
tion of propagation is virtually zero. 
Polar stations will be most severely 
affected since they have to operate at 
low antenna elevation angles. Hence 
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55M 
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20 

1.3 

0930 


85.1 

3 8 

342.3 

6.3 

OH 

56M 

276 

2.5 

20 

1.3 

0945 


87.5 

6.5 

345.9 

6.3 

OH 

56M 

276 

2.5 

20 

1.3 

1000 


89.9 

9.2 

349.5 

6.3 

OH 

57M 

276 

2.5 

20 

1.3 

§ 


§ 

§ 

§ 

§ 

§ 

§ 

§ 

§ 
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1430 


152.3 

51.6 

55.0 

7.6 

1H 

6M 

282 

2.7 

20 

1.3 

1445 


158.0 

52.7 

58.6 

7.6 

1H 

6M 

282 

2.7 

20 

1.3 

1500 

E 

164.0 

53.6 

62.2 

7.6 

1H 

7M 

282 

2.7 

20 

1.3 

1515 

E 

170.2 

54.2 

65.8 

7.6 

1H 

7M 

283 

2.7 

20 

1.3 

§ 

§ 

§ 

§ 

§ 

§ 

§ 

§ 

§ 

§ 

§ 


1630 

E 

201.9 

53.1 

84.0 

8.0 

1H 

10M 

284 

2.7 

20 

1.4 

1645 

E 

208.0 

52.2 

87.7 

8.3 

1H 

10M 

284 

2.7 

20 

1.4 

1700 

N 

213.5 

50.8 

91.4 

8.3 

1H 

11M 

284 

2.7 

20 

1.4 

1715 

N 

218.7 

49.3 

95.0 

8.3 

1H 

11M 

285 

2.7 

20 

1.4 

§ 


§ 

% 

§ 

§ 

§ 

§ 

§ 

$ 

§ 

§ 

1930 

N 

253.5 

29.7 

127.7 

8.9 

1H 

16M 

287 

2.7 

20 

1.4 

1945 

N 

256.4 

27.1 

131.3 

8.9 

1H 

16M 

288 

2.8 

20 

1.4 

2000 

A 

259.1 

24.5 

134.9 

8.9 

1H 

17M 

288 

2.8 

20 

1.4 

2015 

A 

261.8 

21.9 

138.5 

8.9 

1H 

17M 

288 

2.8 

20 

1.4 

§ 


§ 

§ 

§ 

§ 

§ 

§ 

§ 

§ 

§ 

% 

2130 

A 

274.6 

8.6 

156.7 

9.2 

1H 

20M 

290 

2.8 

21 

1.4 

2145 

A 

277.3 

6.0 

160.5 

9.5 

1H 

20M 

290 

2.8 

21 

1.4 

2200 


279.7 

3.3 

164.1 

9.5 

1H 

21M 

290 

2.8 

21 

1.4 

2215 


282.1 

0.5 

167.7 

9.5 

1H 

21M 

290 

2.8 

21 

1.4 


Note: § indicates data omitted. 

fig. 3. Sample printout of the WA1JXN EME program as described in the text. Note: Deletions have been made in the interest of 
brevity. This should not affect the example given in the text. 
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the direction of travel of radio signals 
is often parallel to the magnetic field 
and with a greater path through the 
ionosphere. Likewise, even stations at 
the equator and midlatitudes will ex¬ 
perience significant Faraday rotation 
when the moon is at low local eleva¬ 
tion angles. 

Fortunately, the number of degrees 
of Faraday rotation are often less, 
perhaps only 10 percent of the maxi¬ 
mum value shown above. The least 
amount of Faraday rotation occurs late 
at night, during the winter, and when 
the ionosphere has low ionization, 
such as during times when solar activ¬ 
ity is at a minimum (1984 to 1986). The 
polarity of 2-meter EME signals during 
these times will usually remain con¬ 
stant for up to several hours. 

Faraday rotation is most trouble¬ 
some during daytime and summer¬ 
time, especially near sunrise when 
drastic ionization changes take place, 
and during periods of high solar activ¬ 
ity, such as the solar cycle 22 maximum 
predicted for 1989 to 1992. During 
these times, 90- to 180-degree polar¬ 
ity changes can sometimes occur as 
often as every 15 to 30 minutes. Re¬ 
member that Faraday rotation occurs 
each time a signal passes through the 
ionosphere, so at any one station it's 
double the one-way value. 

For example, if Faraday rotation is 
only one-tenth the maximum value 
(945 degrees) going toward the moon, 
it will probably be 1890 degrees when 
the signal returns from the moon to the 
point of origin. This just happens to 
be 5.25 complete polarity rotations 
(1890/360), and hence the signal arriv¬ 
ing at your antenna is now 90 degrees 
out of phase or cross-polarized, so 
the chances of hearing echoes at this 
time are almost nil! 

Furthermore, Faraday rotation is 
nonreciprocal. As a result, the station 
scheduled may have a different phase 
shift, which may cause the polarity of 
the signal to be optimum at one loca¬ 
tion but not at the other station at the 
same time. You have to be patient and 
wait for the polarity to shift back to op¬ 
timum. (This will be discussed in next 
month's column.) 


There are ways to beat Faraday ro¬ 
tation, but they're all complicated, es¬ 
pecially on 2 meters. The most obvious 
fix is to use circular polarization. 
However, when a circularly polarized 
radio signal hits a surface such as the 
moon, its sense is reversed. Hence a 
signal transmitted using right-hand 
sense will return from the moon in left- 
hand sense and vice versa, thus being 
cancelled out at the antenna! Further¬ 
more, a station using circular polar¬ 
ization will be penalized 3 dB when 
receiving or transmitting to a linearly 
polarized station. The only partial solu¬ 
tion is to use linear polarization and de¬ 
vise a scheme to rotate your antenna 
polarity manually — a difficult job at 
best. This will also be discussed fur¬ 
ther in next month's column. 

Doppler shift is another EME 
problem, but not a big one at 144 
MHz. As viewed from any one loca¬ 
tion, when the moon is east of your 
local longitude, signals have an appar¬ 
ent positive frequency shift with a 
maximum at moonrise. When the moon 
is approximately due south (passing 
over your same longitude), doppler will 
be minimum to nonexistent and will 
shift negative as the moon travels 
westerly, with another maximum at 
moonset. Maximum doppler shift sel¬ 
dom exceeds about 500 Hz at 144 
MHz. Remember that if the longitude 
of the station scheduled differs from 
yours, its doppler will also differ. Some 
tuning may be required to compensate 
for this change. 

Libration fading is a minor problem 
on 2-meter EME. Basically speaking, 
the moon appears to rock slightly with 
respect to an observer on the Earth. 
Libration is worst when the moon is 
near apogee and perigee and diurnal- 
ly when the moon is directly south or 
crossing your local longitude. If libra¬ 
tion fading is severe, it can actually 
cause fades of up to 20 dB in very 
short periods of time, sometimes even 
during a single letter on CW. However, 
libration fading is more pronounced on 
higher (e.g., 70 cm) frequency bands. 

Scintillation is another sporadic 
2-meter EME problem somewhat simi¬ 


lar to libration fading. Caused by 
patches or blobs of ionization in the 
ionosphere that focus or defocus the 
signals, it causes fading — especially 
during winter nighttime and while geo¬ 
magnetic storms are in progress. At 
times it can even enhance reception by 
a few dB for short periods of time. 
Scintillation decreases with frequency 
and is seldom observed on 70 cm. 

Several types of noise affect EME 
operation — for example, man-made , 
ground, sky, and sun noise. Man¬ 
made noise is sometimes a problem on 
2 meters. If you do encounter man¬ 
made noise, it can often be decreased 
or eliminated with an effective auto¬ 
matic noise blanker on your EME re¬ 
ceiver (or i-f if applicable) or by moving 
your antenna position slightly to null 
it out. 

One of the reasons that EME is so 
effective on 144 MHz and above is that 
the local ambient noise is low. At hf, 
ambient noise is often 10 to 20 dB 
above that of a receiver looking into a 
shielded 50-ohm resistor. This can 
easily be observed. Terminate the an¬ 
tenna input connector on your hf 
receiver with a shielded 50-ohm resis¬ 
tor and observe the receiver noise. 
Now disconnect the termination and 
replace it with an outdoor antenna and 
observe the increase in noise level. It's 
not necessary to strive for the lowest 
noise figure in hf receivers because the 
local noise would mask internally gen¬ 
erated noise. Repeat this same test on 
2 meters or above and you may see 
little or no change indicating low 
ambient noise. 

Noise can be converted to an equiv¬ 
alent temperature. The reference for 
noise is generally considered to be a 
temperature of absolute zero, 0.0 de¬ 
grees Kelvin or - 273.16 degrees Cel¬ 
sius (one degree change on the Kelvin 
scale is equal to one degree change in 
Celsius). The Earth's temperature is 
generally considered to be about 290 
degrees Kelvin or approximately 17 
degrees Celsius. 

At 144 MHz, the cold sky, that por¬ 
tion of the galaxy that contributes the 
least amount of galactic or sky noise, 
is typically less than 200 degrees Kel- 
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vin, 98 degrees Celsius below room 
temperature, or about -73 degrees 
Celsius. Therefore, if you first aim your 
2-meter EME antenna a few degrees 
below the horizon, note the receiver 
output noise level and then elevate 
your antenna to point at one of the 
colder portions of the sky, all other 
things being equal, you'll notice a 
decrease in receiver noise. 

Radio astronomers have measured 
and mapped galactic noise in terms of 
equivalent noise temperature at several 
different frequencies using very narrow 
beamwidth antennas. 15 These maps 
are now widely available; the 136- and 
400-MHz versions were reproduced in 
one of the Eimac EME notes. 17 

Using these maps, you can find hot 
spots , areas that have an equivalent 
noise temperature of over 3000 de¬ 
grees Kelvin! Aim your antenna at the 
center of the galaxy in the Milky Way 
(between the constellations of Sagit¬ 
tarius and Scorpius), and you'll find 
that your antenna noise temperature 
will increase significantly. Because the 
moon moves across the sky once 
every 28 days, it sometimes passes 
directly between the Earth and one of 
these hot spots, C.R. Somerlock, 
W3WCP, showed a method of calcu¬ 
lating your system's degradation based 
on the sky temperature behind the 
moon. 18 

Fortunately the hottest spots in the 
galaxy are very narrow and mostly in 
the southern hemisphere (southerly or 
negative declinations), which is not 
used as much by 2-meter EMEers. 
Since 2-meter EMEers feel that the 
noise in these areas significantly de¬ 
grades performance, they usually 
avoid making schedules when the 
moon passes through the higher tem¬ 
perature portions of the sky. 

Sky noise maps are usually refer¬ 
enced to right ascension and declina¬ 
tion and are therefore cumbersome to 
use with the normal parameters of 
GHA and declination. However, Derwin 
King, W5LUU, and Lance Collister, 
WA1JXN, have devised tables and 
incorporated sky noise temperature in¬ 
formation into the WA1JXN EME pro¬ 
gram described earlier. If you look 


at the sample printout in fig. 3, you'll 
note that the right ascension (RT 
ASCN) is shown along with the sky 
temperature in degrees Kelvin at both 
144 and 432 MHz for each position of 
the moon along with potential degra¬ 
dation in dB, This really simplifies 
calculations. 

Sun noise is another minor problem 
on EME. On a good EME system, your 
receiver output with a typical EME an¬ 
tenna will increase 6 to 10 dB when 
your antenna is aimed directly at the 
sun. Consequently, EMEers don't make 
schedules when the moon is within 
about one day of new moon. 

Despite its noise, the sun is still an 
excellent source for antenna and sys¬ 
tem tests. Generally speaking, the 
more sun noise you see, the higher the 
gain of your antenna. To do a sun 
noise test, first reference your receiver 
noise output by aiming your antenna 
at a cold spot in the sky. Then aim 
your antenna at the sun and measure 
the increase in noise. One note of 
caution: sun noise is a function of solar 
activity, so if you get a very high read¬ 
ing, test at another time when the sun 
is less active. 

You can check your antenna's point¬ 
ing accuracy at the same time you test 
for sun noise. Calculate the position of 
the sun just as you calculated the 
position of the moon. Sun locator pro¬ 
grams are also available; one is includ¬ 
ed on the WA1JXN moon locator 
program diskette. 

horizon shot 

As mentioned before, it's some¬ 
times inconvenient for 2-meter EMEers 
to elevate their large tropo antenna 
arrays, but they still want to make EME 
contacts. So these operators keep 
schedules with the larger stations at 
their local moonrise or moonset, 
whichever is applicable. 

Horizon schedules are much less 
reliable because ground noise may 
limit signal levels. Nevertheless, many 
EME contacts have been made in this 
manner. All that's necessary is to set 
up a schedule when the moon is at less 
than about 10 degrees of elevation at 
your location. 


If you're very lucky on a horizon 
schedule, you may get ground gain, 
which is somewhat analogous to the 
enhancement reflection you occasion¬ 
ally experience if you observe sunrise 
or sunset across a body of water. Six 
to 12 dB (round trip) of enhancement 
is theoretically possible; this can im¬ 
prove your chance of success signifi¬ 
cantly. Give it a try. Many stations are 
willing to run such schedules. 

summary 

This month's column was essentially 
a primer on EME communications, 
with the emphasis on 2 meters. Sev¬ 
eral techniques for locating the moon 
were discussed, as well as some of the 
terminology involved with EME com- 
muncations. Next month's column will 
discuss the minimum requirements 
and equipment required for 2-meter 
EME communications. With this infor¬ 
mation, you can join the fun on the 
cutting edge of communications tech¬ 
nology. 

new records 

I'm happy to announce that the first 
Amateur two-way EME contact above 
2320 MHz was made on April 7, 1987. 
Dave Hallidy, KD5RO (EM12KV), op¬ 
erating from Rick Fogle, WABTNY's 
QTH, completed a two-way EME QSO 
on 9 cm (3456,1 MHz) with Les (Lucky) 
Whitaker, W7CNK/5 (EM15FI), for a 
distance of 174 miles (280 km). Then 
WA5TNY joined in to work W7CNK. 
Three- and 5-meter dishes with rela¬ 
tively low power (100 watts maximum) 
were used. Congratulations to Dave, 
Rick, and Lucky, who have been work¬ 
ing very hard on this project for some 
time. Now that the 9-cm band has 
been scaled, I'll bet this record won't 
last long! 

technical notes available 

Dick Turrin, W2IMU, has recently 
updated the classic Technical Reports 
from The Crawford Hill VHF Club. 
Primarily devoted to 1296-MHz EME, 
it includes 20 separate notes dealing 
with subjects such as system consider¬ 
ations, transmitters, receivers, and 
antennas for EME. These notes are in- 
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valuable for the serious UHF and VHF 
EMEer as well as the microwave spe¬ 
cialist. A check for $24.00 ($26.00 out¬ 
side the United States) made out to 
Dick Turrin at P.O. Box 65, Colts 
Neck, New Jersey 07722, will bring a 
copy by return mail. Because of the 
high cost of cashing them, no foreign 
bank drafts can be accepted. 


important VHF/UHF events 


August 1-2 
August 1-3 


August 8 
August 12 

August 22-23 

September 5-6 

September 6 

September 

10-13 


September 

12-14 

September 21 

September 

19-20 


ARRL UHF Contest 
SWOT (Sidewinders On Two) 
Open QSO Party (contact 
K5IS) 

EME Perigee 

Predicted peak of the Perseids 
meteor shower at 1300 UTC. 
ARRL 10-GHz Cumulative 
Contest, first weekend. 
International Region 1 VHF 
Contest, 2 meters only 
EME perigee 

Microwave Update '87 Confer¬ 
ence, Estes Park, Colorado 
(contact W0PWI 

ARRL September VHF QSO 
Party 

Optimum time for TE propaga¬ 
tion (±2 weeks). 

ARRL 10-GHz Cumulative 
Contest, second weekend . 
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VHF" UHF POWER DIVIDERS 



MODEL 

CONFIG. 

M4-2P 

(2 ports) 

1 44-4 P 

(4 ports) 

220-2P 

{2 polls) 

220-4P 

(4 ports) 

430*2 P 

(2 ports) 

430-4P 

(4 ports) 

902-2P 

(2 ports) 

902-4 P 

(4 polls) 

1296-2P 

|2 ports) 

1290-4 P 

{4 ports) 
SHIPPING 


RF power dividers provides Iho 
boat way to toed in-phnise 2 and 4 
antenna arrays to miulmura system 
gain and at the same time reduce 
losses to a minimum Coveting 144 
thru 1296 MHf, this sorlos ol VHF/ 
UHF power dividarsare premier OF 
devices designed tor a long service 
tile with low SWR and broad op¬ 
erating bandwidth 
Extruded aluminum body with a 
durable enamel tinish in addition to 
silicon sealing at connector (tangos 
results in a ruggedutod unit lot all 
array installations Available with 
N-type connnctois only, these 
units ate unconditionally guatam 
teed tor 2 years. 

PRICE 
$5100 
$50.00 
$50,00 
$57 00 
£48.00 
$56 00 
548,00 
$56.00 
£49.00 
$57 00 

(OTIMCtUOED 
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log book number .. 

from.. to 
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RETURN OF AN 
OLD FAVORITE 

AVAILABLE NOW! 

$2.95 each — 3 for $6.95 

Please enclose $3.50 
Shipping and handling 

Ham Radio’s Bookstore 

Greenville, NH 03048 


STR1DSBERG ENGINEERING, CO. 

PC Box 7973 • Shreveport, LA 71107 • USA 
Phono: (310} 865-0523 
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— Microwave Research £ Ml £ 


MRM is looking for some self-motivated Micro- 
wave Engineers and Microwave Technicians. 
MRM is a fast moving company supplying micro- 
wave oscillators, amplifiers and integrated hybrid 
assemblies lo the military and commercial micro- 
wave marketplace. We offer excellent salary 
and benefits to our team members. If you know 
EESOF, AUTOCAD, chip & wire techniques and/ 
or oscillator designs; and can get things done— 
we want you. Send resumes to D. Mitchell. K8UR. 


Microwave Research S Mfg. 


42 South St.. Hopkinton. MA01748 
(617) 435*2507 

TELEX: 5106013655/MRM MA 
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BYOAA revisited 

There it is! The QSL card from 
BYOAA — the station located in the far 
western province of China, an area 
that had been void of Amateur Radio 
activity until now. But where is the 
town where BYOAA is located? Wul- 
umuqi wasn't even on the large wall 
map of China a friend of mine brought 
back recently from Peking! 

My good friend Ned Jacoby, NG6W, 
solved the riddle with the aid of the 
large Times Atlas of the World , which 
explained the variations in spelling 
Chinese place names. According to 
that source, the old English Conven¬ 
tional spelling had gone through var¬ 
ious convolutions, to be followed by 
the Wade-Giles translations of place 
names, which had in turn given way 
to the newer Pinyin spelling. In the 
English Conventional system, the 
name of BYOAA's town was spelled 
Urumchi; in the Wade-Giles system, it 
was spelled Wulumuchi ; in the Pin¬ 
yin system, it's Urumqui . BYOAA's 
QSL card, on the other hand, spells it 
Wufumuqi. 

In passing, NG6W pointed out that 
what we knew as Sinkiang Province is 
now Xinjiang Uygur Zizhiqu. Tibet is 
now Xizang Zihiqu! Lhasa seems to 
have remained Lhasa. Is it all clear 
now? (NG6W also suggests that when 
the pile-ups on BYOAA get too huge, 


you can always direct-dial them on the 
telephone via a satellite link!) 

do you have AMI? 

More and more Amateurs are having 
problems with AMI (Answering Ma¬ 
chine Interference). What next? Some 
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fig. 1. Simple tine filter that will work 
with the telephone or the answering 
machine. 


of these little demons seem to have rf 
sensitivity comparable to that of a 
good communications receiver. Luck¬ 
ily, the machine I have seems to be rf- 
proof. But my next-door neighbor has 
one that turned into a public address 
system every time I went on the air! 
The usual cures of wrapping the line 
cord around a ferrite toroid and plac¬ 
ing a telephone type Z-100 filter in the 
phone line didn't make any difference 
in the level of interference. 

Not wishing to dig into my neigh¬ 
bor's answering machine, I enjoyed 
the luxury of indecision until an 
Amateur friend who had gone through 


this ordeal a few months earlier came 
up with a solution that worked for me. 
His opinion was that the phone com¬ 
pany's Z-100 filter was designed mainly 
to filter out nearby broadcast stations 
and was therefore relatively ineffective 
at 14 MHz. He suggested wrapping the 
power cord of the answering machine 
around a "lossy" ferrite rod* and then 
placing a simple rf filter in the answer¬ 
ing machine at the point where the tel¬ 
ephone line entered the machine (see 
fig. 1). I had no option but to dig into 
the machine and insert the filter, which 
turned out to be a simple task. The 
gamble was worth it. The combination 
of a lossy line filter for the power cord 
and the little network filter in the phone 
line did the job. Keep this scheme in 
mind if you're unlucky enough to have 
AMI. 

the "computerized" 

Yagi beam antenna 

Great advances in Yagi antenna de¬ 
sign have been accomplished in the 
last decade, thanks to the versatility of 
the computer. A number of programs 
for antennas such as the W2PV design 
and others have been generated; all 
seem to have been derived from an 
original program done by I.L. Morris 
for a PhD thesis at Harvard in 1965. 
The resulting offspring yield good Yagi 

*The ferrite rod measures 7.5 inches long by 0.5 inches 
in diameter; manufactured by Amidon (No. R33- 
050-0750), with **-800 (type 33 material). 
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fig. 3. 20-meter Yagi element construction details and dimensions (design frequency 
= 14.2 MHz). 


Table 1. Element dimensions for 20-meter Yagi (design frequency = 14.2 MHz). Con¬ 
struction details are illustrated in fig. 3. 

Element Tip lengths 

Spacing 

Ref 

136.4 inches (346.46 cm) 

122.9 inches (312.17 cm) 

DE 

126.9 inches (322.33 cm) 

88.8 inches (225.55 cm) 

D1 

116.7 inches (296.42 cm) 

95.6 inches (242.82 cm) 

02 

112.6 inches (286.00 cm) 

— ...—.. 


data — but unfortunately, all initial 
conditions don't always converge to 
the same antennal The taper data 
provided by W2PV brought these pro- 
grams into greater uniformity. 

Wayne Hillenbrand, N2FB, working 
with others, has come up with some 
computer-aided antenna designs that 
provide good gain and excellent front- 
to-back ratio. The data was present¬ 
ed at the 1986 Dayton Hamvention. 


The first N2FB design involves a 
four-element, 14-MHz beam derived 
from a Hy-Gain 204BA. The gain and 
front-to-back ratio of the revised an¬ 
tenna are shown in fig. 2. Construc¬ 
tion details are provided in fig. 3; 
dimensions are given in table 1. Each 
element is made up of a 3-foot length 
of 1.25-inch diameter sleeve which is 
slipped over a 12-foot length of 
1.125-inch diameter tubing. The tip 


sections are made of 12-foot lengths 
of 1-inch diameter tubing. 

The driven element appears to be 
shorter than normal, and this is cor¬ 
rect. The length shown provides bet¬ 
ter SWR bandwidth across the entire 
band, but doesn't change the anten¬ 
na pattern. 

Details for a modification of the Hy- 
Gain 205BA-S are provided in table 2 
(see fig. 3 for element assembly de¬ 
tails). Antenna gain remains substan¬ 
tially the same as with the original 
dimensions, but the front-to-back ratio 
at the design frequency rises from 
about 15 dB to nearly 35 dB. Minimum 
front-to-back ratio (at the band edges) 
is better than 21 dB with the revised 
dimensions. 

Data for an optimized six-element, 
14-MHz beam is shown in table 3. The 
boom length is 54 feet; the boom is 
made of heavy-wall aluminum tubing 
measuring 3 inches O.D. All elements 
are insulated from the boom with a 
plastic plate. The front-to-back ratio is 
better than 26 dB across the band. 

All beams employ a gamma match 
feed system. A 4-foot rod is used, with 
some RG-8/U center conductor fed 
into the tube for the capacitance ad¬ 
justment. The end of the tube is 
crimped to keep water out. 

Wayne tells me that 10-meter ver¬ 
sions of these antennas have been 
built by simply scaling down the 
dimensions. The boom length is slight¬ 
ly altered to allow the use of 12-foot 
lengths of standard 2-inch diameter in¬ 
dustrial tubing. Dimensions for these 
antennas are given in table 4 and 
table 5; construction details are 
shown in fig. 4. 

Wayne makes the interesting obser¬ 
vation that if the driven element is re¬ 
moved, the remaining elements are 
almost equally spaced. Equal spacing 
of all parasitic elements produces a 
high front-to-back ratio, but only for 
a narrow bandwidth. Wayne is work¬ 
ing on a program that compares a Yagi 
to an LC filter. With that, he expects 
he'll be able to design for very high Q 
and narrow bandwidth or lower Q (i.e., 
poorer front-to-back ratio) but wider 
bandwidth. 
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Obviously, great advances are being 
made in understanding the operation 
of the Yagi antenna, and it's now pos¬ 
sible to custom-design a Yagi for a par¬ 
ticular degree of gain, bandwidth, or 
front-to-back ratio. This demolishes 
the old W6SAI theory of Yagi design: 
"Cut the director short, the reflector 
long, and let 'er rip!" 

a toggle-switch box for 
changing antennas 

Use toggle switches for changing 
antennas? Cliff Klinert, WB6BIH, has 
tried it at the 100-watt level in the hf 
region and reports that it works well. 
He's taken a small aluminum box and 
mounted two coax receptacles on it, 
plus four DPDT center-off toggle 
switches on the face of the box (see 
fig. 5). With this arrangement, he 
can hook either his transmitter or re¬ 
ceiver to any one of four antennas. 
The box can also be used with two 
transceivers. 

A less obvious use of the "toggle 
box" is to connect two or more anten¬ 
nas in parallel. Cliff says that his 
20-meter Yagi and his 80-meter verti¬ 
cal antenna, when switched in parallel, 
provide a low enough value of SWR 
to work well on 15 meters! He's found 
that for general coverage listening, 
some combination is always optimum 
for any frequency. 

The center-off switch was chosen 
so that two radios can be used with 
minimum danger of transmitting into 
a receiver. To prevent confusion, all 
switches should be clearly labeled. The 
only danger is the possibility of ac¬ 
cidentally transmitting when all toggle 
switches are in the center-off position, 
which would make any transmitter 
very unhappy. 

75-80 meter helical antenna 

Bob Walton, W6CYL, sent me infor¬ 
mation about this interesting antenna, 
which was developed by Gene Koenig, 
W6HVR. The simplified version of his 
design, shown in fig. 6, requires a 
space of about 40 feet. 

The helix is wound from a 110-foot 
length of No. 15 copper-enamel (or 
formvar) wire. It's close-wound on a 


3/16-inch diameter aluminum rod used 
as a temporary form. 

If you don't have access to a coil¬ 
winding machine but know how to 
operate a lathe, you can do the job that 


way. You'll need an assistant to track 
the wire so that it doesn't kink or snarl. 
Once the coil is wound, the hard part 
of the job is over. 

The helix is supported on a heavy- 


10 METER ELEMENT 



fig. 4. Optimized 28-MHz Yagi's individual element assembly. 


Table 2. Dimensions of modified 14-MHz Hy-Ga*n Yagi (No. 205BA). See fig. 3 for 
assembly details. 


Element 

Half-length 

Spacing 


(inches) 

(inches) 

Reflector 

213.23 

65.2 

Driven Element 

198.68 

64.8 

Director 1 

198.21 

124.1 

Director 2 

188.55 

153.7 

Director 3 

181.52 



Table 3. Dimensions of six-element, 14-MHz optimized Yagi on 0.75 wavelength boom 

(maximum gain - 

10.71 dBI). See fig. 3 for construction details. 

Element 

Tip 

Spacing 

Reflector 

139 inches (353 cm) 

86.4 inches (219.5 cm) 

Driven Element 

124.5 inches (316.2 cm) 

77.7 inches (197.4 cm) 

Director 1 

126.6 inches (321.6 cm) 

157.5 inches (400 cm) 

Director 2 

121.9 inches (309.6 cm) 

142.9 inches (362.9 cm) 

Director 3 

121.9 inches (309.6 cm) 

142.9 inches (362.9 cm) 

Director 4 

113.5 inches (288.3 cm) 
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fig. 5. Toggle switch antenna box schematic. 
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Table 4. Optimized 28-MHz Yagi: six-element, 24-foot boom, 10-meter Yagi dimen¬ 
sions (see fig. 4 for construction details). 


Element 

Tip lengths 

Spacing 

Ref 

33.48 Inches 

35.19 inches 

DE 

26.25 inches 

35.86 inches 

D1 

27.32 inches 

75.75 inches 

D2 

25.19 inches 

68.43 inches 

D3 

24.95 inches 

86.77 inches 

D4 

20.77 inches 



Table 5. Optimized 28-MHz Yagi: four-element, 12-foot boom, 10-meter Yagi dimen¬ 
sions (see fig. 4 for construction details). 

Element 

Tip lengths 

Spacing 

Ref 

31.70 inches 

57.55 inches 

DE 

26.25 inches 

40.38 inches 

D1 

21.84 inches 

43.82 inches 

D2 

19.82 inches 




duty monofilament fishing line — the 
type used for ocean fishing. The helix 
is carefully laid out on the ground, still 
close-wound. A length of the nylon 
monofilament line is fished through the 
center of the helix, using an aluminum 
welding rod as a guide or needle. One 
end of the nylon line is then run to an 
insulator. A second length of nylon line 
is attached to the far end of the helix 
to permit expansion and compression 
of the coil. This line is left dangling, 
and the far end of the assembly is 


hoisted to the top of the support struc¬ 
ture. The opposite end of the helix is 
attached to the feed wire. The nylon 
center rope is then used to pull the 
helix into the final position. 

As an end-fed antenna, it requires 
a good ground system. A ground rod, 
plus quarter-wave radials laid on the 
ground, are recommended. 

The antenna is capable of operation 
across the 80-meter band. To resonate 
the antenna, the helix is pulled out 
with the nylon cord. Bob recommends 


the use of a noise bridge and the sta¬ 
tion receiver for the initial adjustments. 
The antenna can be then be fine-tuned 
with the aid of an SWR meter and a 
little transmitter power. 

Although this antenna is only about 
40 feet long, its bandwidth response 
is quite good. It's possible to bring the 
nylon cord back to the operating room 
and tune the antenna to any portion 
of the 80-meter band by adjusting ten¬ 
sion on the cord. With the use of a 
tuner, it will operate on the higher fre¬ 
quency Amateur bands. 

new EME directories 

A new supply of the popular "144 
MHz EME Directory" has been print¬ 
ed. This lists many of the moonbounce 
stations and operators, giving the 
name, call, address, phone number 
(where applicable), and equipment. To 
obtain your copy, send five first-class 
stamps (or five IRCs) to me at EIMAC, 
301 Industrial Way, San Carlos, Cali¬ 
fornia 94070. 
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BEVERAGE ANTENNA 
HANDBOOK 
FULLY REVISED 


by Vic Misek, W1WCR New Edition 

W1WCR has spent countless hours developing new 
antenna ideas and optimizing the SWA (Steerable 
wave antenna.) Misek delves deep into the secrets 
of the single wire Beverage with helpful hints and 
tips on how to maximize performance based upon 
wire si 2 e. height above ground, overall length and 
impedance matching. Also includes information on 
center fed Beverages constructed out of several 
wire types. SMALL LOT OWNERS — Beverage for 
you too? Called the Micro-SWA, it is just 60 ft 
long You get excellent directivity and null steering 
capabilities. Transformer design information for 
both termination and feedline matching is com¬ 
pletely revised. © 1987 80 pages 
r VM-BAH Softbound $14.95 

Please enclose $3.50 shipping & handling 

ham radio BOOKSTORE 

GREENVILLE, NH 03048 603-878-7441 
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designing trap antennas 

a new approach 


Symmetrical design 
increases gain 
and directivity 

Most Amateurs don't realize that the original de¬ 
sign of a trap antenna 1 2 3 4 represents just one partic¬ 
ular case, and is not the best possible choice of the 
many designs available. According to the references, 
a dipole designed to resonate at two frequencies, fl 
and f2, contains parallel RLC circuits — or traps — 
that are resonant at the upper frequency, f2, and phys¬ 
ically separated by a half wavelength (at f2). This ap¬ 
proach I call the "classic" design. At f2 these circuits 
offer a very high impedance and, in effect, disconnect 
the outer portions of the antenna. The inner portion 
acts as a half-wave dipole. With the total antenna 
length made equal to one half wavelength at the low¬ 
er design frequency, fl, the antenna would resonate 
at this frequency if the traps presented a short circuit. 
In practice, however, the traps introduce an inductive 
reactance at all frequencies lower than f2. To com¬ 
pensate, the total length of the antenna is slightly 
shortened in order to be resonant at fl. 

Treatments of this subject in reference books usually 
ignore other existing designs and imply incorrectly that 
this description applies to all trapped antennas. 

Extending this design approach to three bands (10, 
15, and 20 meters) would require the two sets of traps 
to resonate at 21 and 28 MHz and be separated by ap¬ 
proximately 3 feet (on each half-dipole element). Some 
of the first commercially manufactured triband anten¬ 
nas actually did use separated traps, but those gener¬ 
ally available today have such pairs of traps built into 
a single assembly. 

A vertical trap antenna, just slightly longer than a 
quarter wavelength at the upper frequency f2, was dis- 


I cussed in an earlier article; the principle upon which 
that antenna was based can be applied to dipoles as 
well. 5 In this case, the trap is placed at the base of 
the antenna and its parameters are selected to pro¬ 
duce the correct inductive reactance for resonance at 
the lower frequency fl. At f2 the antenna is slightly 
longer than a quarter wavelength, and the trap pro¬ 
vides the necessary capacitive reactance for resonance 
to be achieved. 

To lower the resonant frequency of a fixed-length 
dipole, inductance must be added. Conversely, capac¬ 
itance must be added to raise its frequency. A paral¬ 
lel RLC circuit can provide the required reactances at 
fl and f2. (A series RLC circuit, which has 3 capaci¬ 
tive reactance at low frequencies and inductive reac¬ 
tance at high frequencies, cannot be used in this 
application.) 

There's wide variation in the positioning of the traps, 
which affects the properties of the antenna (directiv¬ 
ity, bandwidth, efficiency, and trap resonant frequen¬ 
cies). Mathematically speaking, the design of a 
trapped antenna is over-determined since there are 
four parameters to be adjusted in order to meet the 
two resonance conditions at fl and f2: total length; 
trap position; trap resonant frequency, fO (when re¬ 
moved from the antenna) and the value of the capaci¬ 
tance, C. 

Without further information, it's impossible to say 
how these parameters are to be selected in order to 
obtain the best performance. The classic design isn't 
optimum because the outer portions of the dipole have 
little current at the upper frequency, f2. A design that 
causes a significant current to flow in these outer por¬ 
tions can improve directivity. 

In addition, minimum loss reactances should be 
used. The capacitive loading required by a single-band 
antenna longer than a half wavelength can usually be 
supplied with negligible loss. However, inductive load¬ 
ing required for a single-band short dipole usually adds 

By Yardley Beers, W0JF, 740 Willowbrook 
Road, Boulder, Colorado 80302 
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some losses. With a two-band trap antenna, the loss¬ 
es are usually greater at both frequencies than if single¬ 
band loading is used. Because losses tend to be great¬ 
er if the trap resonance is near one of the operating 
frequencies. I'll discuss a design in which fO is as far 
removed from the operating frequencies, fl and f2, 
as possible, and in which the traps have equal im¬ 
pedances at these two frequencies. For this to occur, 
the trap resonant frequency, fO, must be equal to the 
geometrical average of fl and f2 — that is, equal to 
the square root of their product. The reactances at the 
two design frequencies are equal in magnitude but 
different in sign, and the resistances are equal. I call 
this approach the " symmetrical" design. 

a dual-band antenna 

To illustrate this principle, two separate two-band 
trap dipoles were built; the first for 18.1 and 24.9 MHz, 
and the second for the 14- and 21-MHz bands. Ac¬ 
tually, I have built two of the former; the first had min¬ 
imum SWRs of 1.5 in the 18.1-MHz band and 1.4 in 
the 24.9-MHz band. After I had dismantled it, I im¬ 
proved my computer programs for designing these an¬ 
tennas and built the 14/21-MHz antenna, with which 
I obtained minimum SWRs of 1.1 on both bands. I re¬ 
worked the calculations for the 18.1/24.9- 
MHz antenna and got slightly different values. I decid¬ 
ed that although the original antenna was still useful, 

I hadn't trimmed it to best advantage. I built the 
second antenna with significantly different dimensions 
and, as shown in fig. 1, it has minimum SWR of 1.1 
on both bands. 

18.1/24.9-MHz dual-band antenna 

Both antennas were developed for design frequen¬ 
cies of 18.118 and 24.94 MHz with a trap design 
frequency of 21.257 MHz, using nominal trap 
capacitances of 50 pF. After the second version of the 
dual-bander was built, the trap capacitances were 
measured at 51.6 pF. The trap resonances measured, 
on the average, 21.27 MHz. The inductors consisted 
of 13 turns of No. 18 plastic-coated wire wound on 
1/2-inch diameter plastic rod. Since I operate at low 
power (about 100 watts) I was able to use No. 18 wire, 
but I advise those readers who intend to operate at 
higher power to build inductors with heavier wire. I 
didn't measure the Qs of the coils, but I assume that 
200 is a reasonable value. (Resonance is independent 
of the Q.) Using these values and eqns. 8, 10, and 

II (see appendix 1), I found the magnitude of the 
reactances and the resistances to be 449 and 7.0 
ohms, respectively. 

The total antenna length is 20.0 feet. The traps are 
13.8 feet apart, symmetrically placed about the center 
feedpoint. The earlier antenna, with similar traps, had 
dimensions of 20.7 feet (length) and 15.3 feet (trap 


separation). For comparison, the (unloaded) lengths 
of half-wave dipoles for these design frequencies, as 
given by eqn, 6 (see appendix 1), are, respectively, 
25.9 feet and 18.8 feet. The wire is No. 14 gauge. 
Standing wave measurements relative to a 50-ohm 
transmission line, with the antenna 20 feet above 
ground, are shown in fig. 1. The measurements take 
line losses into account. 

Before building the second antenna, I followed the 
mathematical procedure discussed in appendix 2, 
which gave the following results: for Si (the distance 
from the center feedpoint to one trap), 6.90 feet; for 
S2 (the distance from a trap to the end), 3.88 feet. 
With these dimensions, the SWR pattern at 24.94 MHz 
wasn't very different from that shown in fig. 1, but 
the fl SWR minimum of 1.2 was at 17.4 MHz, about 
5 percent too low in frequency. I tried trimming both 
SI and S2. Finally I retained the original value of SI, 
but I reduced S2 by 0.8 feet (9.5 inches) for a final 
value of 3.08 feet. These dimensions apply to fig. 1. 

Moxon gives a method for estimating the efficien¬ 
cy of trapped antennas. 6 it's necessary to measure or 
assume values for the radiation resistance. The mini¬ 
mum SWR at both frequencies is 1.1, which implies 
that the total resistance at the drivepoint is between 
the limits 50/1.1 = 45.5 ohms and 50 x 1.1 =55 
ohms. Because the radiation resistance is larger for 
dipoles greater than one half wavelength and less for 
those less than one half wavelength, I assumed the 
lower (resistance) value for fl and the upper one for f2. 

The power radiated is the current at the center mul¬ 
tiplied by the square of the current at the center. The 
power lost in the traps is their resistance multiplied by 
the square of the current at the traps, which is smaller 
than at the center. The total resistances of the traps 
is actually 14 ohms, but a calculation shows that the 
losses are as though the trap resistances were at the 
center and had the values of 5.8 and 2.0 ohms, respec¬ 
tively, at fi and f 2 - After subtracting off these trans¬ 
formed loss resistances, I obtain estimates for the 
radiation resistances at the two frequencies as 45 
- 5.8 = 39.2 and 55 - 2.0 = 53 ohms, respectively. 
The efficiencies are then respectively 39.2/45 = 87% 
and 53/55 - 96%. 

However, since the radiation resistance of a half¬ 
wave dipole is about 72 ohms, one would expect the 
radiation resistances to be slightly higher than the es¬ 
timates given above; consequently, working with the 
same trap resistances, efficiency should actually be 
higher. 

15/20-meter dual-band antenna 

The design frequencies for this antenna are, respec¬ 
tively, fl = 14.15, f2 = 21.2, and fO = 17.32 MHz. 
The trap capacitors have measured values of 52 pF, 
on the average. The inductors are seven and a half 
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turns of No. 18 plastic-coated wire on 1-inch plastic 
pill bottles. The wire spacing was varied to adjust the 
resonant frequencies of the traps. During coil con¬ 
struction, the half turn was left slack for fine tuning. 
The average measured resonant frequency was 17.41 
MHz. The wire used in the antenna is No. 12 gauge. 

Appendix 2 provides a detailed discussion of cal¬ 
culations which suggested the initial dimensions SI 
= 7.69 feet and S2 = 5.41 feet. After I trimmed them 
experimentally to SI = 7.36 feet and S2 = 5.24 feet, 

I obtained the standing wave pattern shown in fig. 2. 

As the length of a loaded dipole, measured in 
wavelengths, increases, the bandwidth increases. Al¬ 
though a wider bandwidth is expected at f2 than at 
fl, I can't explan why bandwidths I've observed at f2 
are very much wider than those at fl. These differ¬ 
ent bandwidths showed considerable sensitivity to 
changes in length while trimming; in each of the three 
cases I've dealt with, the standing wave pattern at f2 
has changed hardly at all when I changed the dimen¬ 
sions, but a change of only a few inches made a sig¬ 
nificant change in the fl resonance frequency. It's 
likely that the fl resonance is very susceptible to 
changes in antenna location. 

theory of the symmetrical design 

The selection of a trap antenna's dimensions can 
be made almost entirely by experiment. The only 
mathematics one needs to build a two-band antenna 
using the symmetrical design is to calculate fO by 
taking the square root of the product of f 1 and f2. Af¬ 
ter installing the traps and adjusting the antenna length 
and trap location, a working antenna is produced. The 
mathematical details can usually save the designer 
some time by providing at least a "starting point." 

In designing a trap antenna, the following conditions 
must be satisfied: it must resonate at fl; it must reso¬ 
nate at f2; the trap resonant frequency must be the 
geometric average of fl and f2. The trap resistances 
at fl and f2 are equal, and the reactances are equal 
in magnitude but opposite in sign. Arbitrarily, I chose 
50 pF as a convenient value for the trap capacitances. 
(The effect of using other values is also considered.) 
The required vcflue of the trap inductances, L, can then 
be determined by eqn. 7. 

Most of the necessary formulas are listed in appen¬ 
dix 1, with detailed examples provided in appendix 
2. The condition for resonance is that the total reac¬ 
tance as referred to any point on the antenna is zero. 
It is axiomatic that if the total reactance at any one 
point is zero, then it is zero at all other points. For con¬ 
venience, I chose the trap location as a reference point 
and considered only half the dipole at a time. 

The antenna and the ground can be thought of as 
forming a transmission line. Although the center is 
connected to the feedline, I assume that its input im¬ 


pedance, as viewed at the location of the trap, is the 
same (positive) reactance, XI, as it would be if the 
center were connected to ground. Calculate this with 
eqn. 15. Similarly, I consider the part between the trap 
and the end as a section of open-circuited transmis¬ 
sion. Its impedance is given by the (negative) reac¬ 
tance, X2, in eqn. 17. 

If SI, the distance from the center to the trap, and 
if S2, the distance from the trap to the open end, are 
a quarter wavelength long, then XI + X2 = 0, in¬ 
dependent of the value of SI. This configuration is 
well known as a resonator. 

For resonance using arbitrary lengths of SI and S2, 
it's necessary to introduce a reactance X such that: 

X + XI + X2 = 0 (1) 

Various values of SI and S2 are tried until the equa¬ 
tion is satisfied at both fl and f2. (See appendix 2.) 

As a simplification, a characteristic impedance of 
575 ohms was calculated for a transmission line con¬ 
sisting of a horizontal 12-gauge wire parallel to and 
20 feet above a perfectly conducting groundplane 
(eqn. 14), Though good for a transmission line, this 
formula neglects the effect of radiation, and, of 
course, radiation is the primary purpose of the 
antenna. 

The calculation of characteristic impedances of radi¬ 
ating antennas is more complicated. 7 

parallel RLC circuit properties 

A complete understanding of the design of trap an¬ 
tennas requires a knowledge of parallel RLC circuits. 
Graphs of impedance, series resistance, and series 
reactance are shown as a function of frequency f in 
fig. 3. These normalized curves require that quanti¬ 
ties plotted on the vertical scale be multiplied by the 
value of R, and the frequency shift measured from the 
resonant frequency be given in units of D f where 

D = J0/2Q (2) 

Losses in the inductor and capacitor are represented 
by a resistance, /?, where: 

R = WOOOQ ohms (3) 

X C/0 

and C is the capacitance in picofarads, and fO is the 
resonant frequency in MHz. 

To apply these ideas to the traps in the 
18.1/24.9-MHz antenna, fO = 21.257 MHz, C = 51.6 
pF, R = 29,002 ohms, and D = 0.053 MHz (53 kHz). 
The reactance has small positive values at low frequen¬ 
cies and increases to a maximum of 0.5 R = 14,501 
ohms at a normalized value of - 1 (21.204 MHz), after 
which it decreases to zero at resonance. Then it 
decreases to a negative maximum - 0.5 R = — 14,001 
ohms, at +1 (21.310 MHz) and approaches zero at 
very large frequencies. 
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The design frequencies, fl and f2, correspond 
respectively to - 70,6 and ± 58.4, and Jie very far off 
the graph in fig. 3. The values of the impedances, 
resistances, and reactances cannot be obtained from 
the graph and must be calculated by formulas such 
as those shown in appendix 1. The reactances, as 
stated previously, are ±443 ohms and the resistances 
are 7,0 ohms. Consequently, the circuit can be con¬ 
sidered as a low-loss reactance. 

Since the reactance goes through zero at reso¬ 
nance, there are two other frequencies — very close 
/about 10 kHz) ~~ at which the desired reactance of 
±449 ohms can be obtained. There the resistance is 
very close to its maximum value. Such a reactance 
would hardly be considered low-loss! This is the situa¬ 
tion encountered when such a circuit is used as a trap 
at f2 in the classical design. In such a situation the RLC 
circuit becomes a "trap" in another sense of the word: 
as an absorber of power. 

The curves shown in fig. 3 assume that Q is at least 
10 and preferably much larger, as is likely to be the 
case in practice. The errors resulting from this assump¬ 
tion are then negligible. This assumption simplifies the 
math. When Q is small, it is necessary to draw in¬ 
dividual curves. Equations 8,9,10, and 11 don't have 
this limitation. 

Another assumption is that the losses in the circuit 
are represented by a resistor, R, whose value is given 
by eqn. 3, and that its value is independent of fre¬ 
quency. Strictly speaking, this assumption is unrealis¬ 
tic. Most of the losses are in the inductor, and they 
depend upon frequency in a complicated way because 
of skin effect and distributed capacitance. 

For physical reasons, air (dielectric) capacitors often 
aren't practical to use in antenna traps — but they are 
low-loss. The losses in solid dielectric capacitors are 
generally lower than those in the inductors , but they 
(the losses) mustn't be overlooked. While an air-core 
inductor has the shape to dissipate heat, a solid-state 
capacitor does not; a small amount of power dissipat¬ 
ed in it causes its temperature to rise and its capaci¬ 
tance to change. If the effect is large, the antenna is 
detuned when the power level is raised. Thus, a solid- 
state capacitor has a current limitation as well as a volt¬ 
age limitation. Usually one that has a high voltage 
rating can also pass a lot of current, but this isn't 
always true. Capacitors with thin pigtails, even with 
high voltage ratings, must be avoided. Sometimes it's 
necessary to use more than one capacitor in series or 
parallel to get sufficient current carrying capability, 

conclusion 

The main purpose of this article is to review the prin¬ 
ciples of design of trapped antennas and to show that 
there are alternative designs that are superior to the 
classic one. I've illustrated the principles by showing 


the design of practical antennas for the 18.1- and 
24.9-MHz bands, and for the 14- and 21-MHz bands. 

A central point of the discussion is that the operat¬ 
ing and trap frequencies should not coincide. Equa¬ 
tion 12 shows that with far-off resonance the series 
resistance decreases with the square of the difference 
between the operating and trap resonant frequencies. 
A further argument for keeping the trap resonant fre¬ 
quency remote from the operating frequency is the 
fact that the same RLC circuits used in the 18.1/24.9- 
MHz antenna could be used as traps in a 14/21-MHz 
dual-band antenna of classic design. The total trap re¬ 
sistance at the new f2 (21 MHz) is about 58,000 ohms. 
In considering such an antenna, Moxon 6 estimates that 
the radiation resistance, when transformed to the trap 
location, is about 32,000 ohms. Therefore, the efficien¬ 
cy is about (32/60) = 53 percent , whereas the effi¬ 
ciency with the symmetrical design at f2 = 24.94 MHz 
is 96 percent. Furthermore, with the symmetrical de¬ 
sign there is significant current in the outer portions, 
and the directivity is greater. Therefore, at the upper 
frequency, f2, there is a significant advantage of the 
symmetrical over the classic design. With the classic 
design, the lower frequency, fl, is further from reso¬ 
nance than with the symmetrical design, and there¬ 
fore the loss resistance is lower and the efficiency is 
higher. With the symmetrical design, it is already 
very good — 87 percent — so this advantage is not 
important. 

I haven't tried to optimize the value of the trap 
capacitances. Equation 13 shows that the resistances 
of the traps' far-off resonance are inversely propor¬ 
tional to the product of the capacitance and the Q of 
the traps. With the present values of 50 pF and a Q 
of 200, they're about the largest acceptable. If the 
capacitances were lowered to 25 pF, the resistances 
would be double and would cause a significant reduc¬ 
tion in efficiency at both operating frequencies. If they 
were made 100 pF, there would be an insignificant 
improvement in the efficiency. 

The principle of symmetrical design should be ap¬ 
plicable to a 14/21 /28-MHz triband dipole. The traps 
should be resonant in the vicinity of 17 MHz and 24 
MHz, respectively. Efficiency and directivity would be 
greater. However, there would be a problem in extend¬ 
ing the design to many bands; the radiation resistance 
would be different on the lowest and highest frequen¬ 
cy bands, and an elaborate impedance matching net¬ 
work would be required to get a good match to the 
transmission line for all bands. 

This article has dealt only with a single dipole. This 
approach can be applied to multi-element antennas 
with both driven and parasitic elements. 
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appendix 1 

basic equations 

The formulas have been used for calculations discussed in the text. 
The wavelength 

X - 299,8/f in meters 14) 

= 983.6/f in feet , with the frequency f in MHz. (5) 

The length of a half-wave dipole is 

G = 468/f in feet. (6) 

Equation 6 gives a length which is 95 percent of a half wavelength 
as given by eqn. 5 because of corrections for end effects. This sim¬ 
plification valid for hf wire antennas depends on the ratio of con¬ 
ductor diameter to wavelength. At VHF, where the ratio is usually 
smaller, the correction is larger. 

The inductance L {in pH) required to resonate with a capacitor 
C (in pF) at a frequency fO (in MHz) is 

/ = . / (7) 

4r 2 C tfo) 2 

It is convenient to define a new quantity, t 

, = O . PjlM. 18) 

f*fo 

where fO is the resonant frequency of the RLC circuit and f is any 
arbitrary frequency. The impedance is given by 


Z - 


R = 

\fl + t 2 


The series resistance is given by 


(9) 



_ R _ 

I + t 2 


and the reactance is given by 


(101 


Y - R1 HD 

l + t 2 

To understand the behavior of traps far from resonance, it is 
desirable to derive approximate expressions for the resistance and 
reactance. 



__ fo__ _ _ 

Sr CQ (f ~ fo> 2 


( 12 ) 


The resistance is inversely proportional to the square of the frequency 
shift. 


The reactance far-off resonance Is given approximately by 


* s x - L -_ (13) 

4rC (Jo ~ f) 

Because reactance far from resonance is independent of Q, it isn't 
necessary to have values of the Qs of the traps to make calcula¬ 
tions involving resonance conditions. 

A transmission line consisting of a wire of diameter d parallel to 
and at a distance H from a conducting plane has a characteristic 
impedance of 

Z 0 = 138 LOG l0 (4H/d) ohms (14) 

H and d can be in any similar units. 

A section of lossless transmission line of length SI short-circuited 
at the far end has an input reactance of 

Xi ~ Z 0 TAN A (15) 

where 


A = 360 ■ S i (16) 

X 

A is the length SI expressed as an angle in degrees. 

A section of transmission line of length S2 open-circuited at the 
far end has an input reactance of 


where 


*2 = 


- Zp 
TAN B 


B = 


360 • S2 
X 


(17) 


(18) 


is an angle corresponding to the length S2. 

Equation 1 gives the condition for resonance at a single frequen¬ 
cy. It is necessary to derive from it an equation giving the condition 
for resonance at the two frequencies fl and f2. Note from eqns. 
16 and 18 that angles A and B are inversely proportional to wave¬ 
length. Therefore they are, for fixed lengths SI and S2, proportion¬ 
al to the frequency. Hence, if we now use A and B to denote the 
angles at the upper frequency f2, at fl they are reduced by the fac 
tor fl /f2. Since the design is based on the assumption that the trap 
reactances at these two frequencies are equal in magnitude but op¬ 
posite in sign, it follows from eqn. 1 that: 


- TAN 


Afl 

fl 


TAN Bfl 
fl 


TAN A 


1 

TAN B 


(19) 


The characteristic impedance Zo has cancelled out. 

This equation cannot be solved exactly. It has to be solved 


Table 1. Trial solutions for resonance. 


Trial 

Angle A 

Angle B 

Residual 

SI 

$2 

Reactance 


(Degrees) 

(Degrees) 

U 

(feet) 

(feet) 

(ohms) 

1 

65 

35 

-0.654 

— 

— 

— 

2 


33 

-0.922 

— 

— 

— 

3 


37 

0.412 

— 

- 

— 

4 


41 

+ 0.0072 

— 

— 

- 

5 


40.8 

-0.012 

— 

— 

— 

7 


40.9 

- 0.002 

8.38 

5.27 

569 

10 

60 

47 

-0 00014 

7.73 

6.06 

459 

16 

60.3 

46.65 

+ 0,00035 

7.77 

6.01 

465 

23 

59.7 

47.35 

0.00054 

7.69 

6.10 

454 


Note: Reactions are trap reactances needed for resonance, positive at Fl, negative at F2. 
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numerically by trial and error. For this purpose it is convenient to 
define a quantity U, called the residual, as follows: 

U - TAN + (20) 

P 


TAN B[l_ TAN B 
f2 

If the left side of eqn. 19 is transposed to the right, the result is 
identical to the right side of eqn. 20, but on the left is U instead 
of 0. It is solved by trying values of A and B, which ideally make 
U equal to zero. In praciice it is impossible to obtain zero exactly. 
The practical method is to choose a value of A and then find two 
values of B that are close together, one of which gives a small posi¬ 
tive value to U and the other of which gives a small negative value 
to it. Then, one or the other, or some intermediate value can be 
taken as the desired value of B . This method is illustrated below. 

appendix 2 

designing a 14/21-MHz antenna 

First select the design operating frequencies. In this example fl 
= 14.15 MHz and f2 — 21.2 MHz. Next calculate the trap resonance 
frequency fO = 17.32 MHz by taking the square root of the product, 
of fl and f2. As a starting point, assume a value of trap capacitance 
of 50 pF. Equation 7 can then be used to calculate the inductance 
needed for resonance, 1.69 /*H. Assuming a Q of 200, eqns. 8, 10, 
and 11 can then be used to calculate the reactance and resistance 
at the design operating frequencies. These turned out to be ± 451 
and 5.55 ohms, respectively. 

By repetitively substituting best length "guesstimates" into eqn. 
20 the final correct values for resonance are found. (See table 1.) 
The first guess was for an angular length. A, of 65 degrees and B 
of 35 degrees, which gave a large residual U of -0.654. Then, using 
the fixed value A = 65 degrees, I used B = 33 degrees as a second 
guess to obtain U ~ -0.922, which of course, is still further from 
zero. Therefore, it was obvious that it was necessary to increase 
B rather than to decrease it. B was gradually increased until U had 
the value » 0.0072, which I considered reasonably close to zero. 
Next, eqns. 5, 16 and 18 are used to determine distances SI and 
S2 in feet and reactance magnitude. In the reactance calculation 
I assumed a value of 575 ohms for the characteristic impedance. 
The first value determined for reactance was 569 ohms which is sig¬ 
nificantly different from the trap reactance 451 ohms. Therefore it 
was necessary to repeat the process using other values of A. 

For the other values of A in table 1 I have given only the results 
for the final trial values of B . A reactance of 454 ohms in the last 
line was considered close enough to the calculated trap reactance 
of 451 ohps to start building the antenna. 

Nevertheless S2 still had to be corrected tor end effects. Halt-wave 
wire dipoles, as suggested by eqn. 4. have physical lengths of 95 
percent of the free space half wavelength. I assumed that a similar 
correction must be made to a trap antenna. In principle, the correc¬ 
tion is slightly different at each of the operating frequencies. As a 
simplifying approximation, I assumed that it is the same as it would 
be for a half-wave dipole at fO = 17.32 MHz, which I found to be 
0,69 feet. Therefore, I reduced the computed value of S2 from 6.10 
feet to 5.41 feet. 

The entire calculation, starting with the calculation of fO and end¬ 
ing with the end correction, took less than 20 minutes with the use 
of the programs I had written for my Commodore 64 computer." 
These calculations can also be performed with any hand calculator 
that features trigonometric functions. 

The traps were then built and measured; average resonant fre¬ 
quency was 17.2 MHz. Using the dimensions SI = 7.69 feet and 
S2 = 5.41 feet, a minimum SWR of 1.1 occurred at 13.75 MHz and 
1.2 at 20.7 MHz. These frequencies are about 3 percent lower than 
the design ones. This observatio n suggests that the dimensions 

‘Copies of these programs are available; send a self-addressed business-sized 
envelope with two first-class stamps, plus one loose first-class stamp to cover 
the cost of photocopying. 


should be reduced about 3 percent, or each SI and each S2 should 
be shortened by 2 inches. When I made this change, the SWR was 
1.2 at 14.0 MHz and 1.3 at 21.0 MHz, and in both bands it increased 
with frequency with the implication that the minima were at the low 
edges or outside the low edges. I then removed 2 more inches from 
each Si. Then, with the final dimensions SI = 7.36 feet and S2 
= 5.24 feet, I obtained the standing wave pattern shown in fig. 2. 

Thus the final dimensions differed from the calculated ones by 
only a few percent. In view of the uncertainties that are present, 
the agreement between theory and experiment is as good or better 
than can be expected. The biggest uncertainty is the value of the 
characteristic impedance. The end correction is another. Then there 
are experimental sources of error due to the length of the leads on 
the traps and due to the wires wound on the insulators. At the same 
time, the theoretical calculation provided a useful guide which prob¬ 
ably reduced the experimental adjustment hy hours. Trial and error 
can be done much more rapidly by computer than by experiment! 
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1. Turman* gives the following reference as the original work on trapped an¬ 
tennas: Howard K. Morgan. "A Multifrequency Tuned Antenna System," 
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to find this paper there; I have bean unable to locate it elsewhere.} 

2. F. E. Terman, Radio Engineers' Handbook, McGraw-Hill Book Co-, New 
York, 1943, page 854. 

3. Chester L. Buchanan, W3DZZ, "Duo Band Antenna," Radio and. Televi¬ 
sion News , December, 1950, page 66. 

4. Chester L. Buchanan, W3DZZ, “The Multimatch Antenna System," GST, 
March, 1955, page 22. 

5. Yardley Beers, "Short Antennas for the Lower Frequencies — Fart 1," 
QST, August, 1970, page 26. 

6. L. A. Moxon, G6XN, HF Antennas for AH Locations, Radio Society of 
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PRACTICALLY SPEAKING 


battery problems: 
part 2 

Last month we discussed NiCd bat¬ 
teries; this month we ll take a look 
at charging systems for NiCds, as well 
as lead acid and gel cel batteries. 

charging NiCds 

There are two basic forms of charger 
for NiCd batteries: constant-current 
(Cl) and constant-voltage (CV). Re¬ 
gardless of the type, it's important to 
use a charging current no greater than 
A-H/10 unless specifically instructed 
to do so by the battery manufacturer 
(not the equipment maker, by the 
way). The A-H/10 rate is one-tenth of 
the ampere-hour rating. For a 500-mAH 
AA cell, for example, a 50-mA charg¬ 
ing current is used. Similarly, 200 mA 
should be used for a 2 A-H C cell, and 
400 mA for the 4 A-H D cell. (Be care¬ 
ful not to overcharge batteries using 
other A-H ratings.) 

Figure 1 shows the basic circuit for 
a low-cost constant current charger of 
simple design. The transformer second¬ 
ary voltage should be 2.5 or more times 
the cell or battery voltage. The resistor 
in series with the rectifier limits the out¬ 
put current under short-circuit condi¬ 
tions to the A-H/10 charging rate. 

Figure 2 shows two electronic Cl 
chargers based on three-terminal 1C 
voltage regulators. The variable circuit 
shown in fig. 2A is based on the 
LM-317 (up to 1 ampere) and LM-338 
(up to 5 amperes). Both circuits require 
a filtered dc input voltage several volts 
higher than the battery or cell poten¬ 
tial. The actual value isn't critical as 
long as it's high enough to turn on the 
circuit (in general, V; n ) is greater than 
(Vb + 3 volts). We can adjust the 


CRt 

R 



fig. 1. Simple constant-current battery 
charger. 


charge current by setting the value of 
resistor R. For example, for a 400-mA 
charger for 4 A-H D cells, we would use 
a resistor value of 1.2/1 = 1.2/0.4 = 
3 ohms. Charging currents down to 10 
mA can be accommodated by the cir¬ 
cuit shown in fig. 2A, so both regular 
and trickle chargers can be designed. 

The circuit shown in fig. 2B will 
charge batteries up to 4 A-H with ter- 
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minal voltages up to 12 Vdc. Similar to 
the circuit shown in fig. 2A, it is based 
on 5-volt fixed regulators such as the 
LM-309, LM-340-05, or 7805 devices. 

A constant-voltage charger is shown 
in fig. 3. The output voltage of the 
charger is set by the ratio of R1 and R2, 
and is determined by the equation: 

v° = L 26 {rJ + 

A series resistor, R3, is chosen to 
limit the short-circuit 6urrent to a max¬ 
imum of A-H/10. The required charger 
output impedance is the resistance 
equivalent of V Q / I max, where V D is 
the open-terminal battery voltage and 
Jmax is the maximum permissible 
charging current. For a 12-volt, 4 A-H 
battery, for example, the required im¬ 
pedance is 12/(4/10) = 12/0.4 = 30 
ohms. We can solve the equation in the 
figure for R3 and place that resistance 
in series with the output of the regula¬ 
tor. The power rating of the resistor 
must be V 0 x I max* 

using bench power supplies 

A bench power supply shouldn't be 
used to charge NiCd batteries unless it 
has both a variable output voltage con¬ 
trol and a current-limiting control. Set 
the output voltage to exactly the full 
terminal voltage of the NiCd battery 
and adjust the current limiter for a 
short-circuit current equal to the A- 
H/10 value. Disconnect the output 
short from the power supply and con¬ 
nect the supply across the battery. 

multiple-cell batteries 

A large number of multiple-cell bat¬ 
teries are used in electronic equipment. 
Most are typically 6, 12, or 24-volt 
models. In most cases, these batteries 
are made up of individual AA, C, D, or 
F cells. I found it possible to take apart 
these battery packs and replace individ¬ 
ual cells to restore the battery to nor¬ 
mal operation. Some packs are put 
together with screws or snaps, while 
others are glued together. 

My friend who uses a transcutaneous 
electronic nerve stimulator (TENS) 
unit for pain control (see last month's 
column) paid $90 each for the battery 



fig. 3. Constant-voltage charger uses 
ratio of resistor values to determine 
setting. 


packs to power his device. One after¬ 
noon we took apart one of the packs 
he'd decided was bad, using a razor 
knife and lots of care. We found that 
the pack consisted of three AA cells 
connected in series. We went to a 
store that sold commercial solder-tab 
AA NiCd cells and returned with $18 
worth of cells to make a "new" bat¬ 
tery. I showed him how to solder them 
in, and then re-glued the plastic pack¬ 
age; the pack lasted nearly 18 months. 

If you don't know how to find a local 
source of commercial (as opposed to 
consumer) grade NiCd cells, then try 
calling the chief engineer at a local TV 
station. The portable video cameras 
used by TV news crews are powered 
by NiCd cells. It's a sure bet that the 
engineer will know a good source of 
fully rated cells. 

When selecting cells for replace¬ 
ment, keep in mind several factors. 
First, of course, is the right size (AA, 
C, D, F) and the right A-H rating (as 
I said last month, not all C and D cells 
are created equal). Also keep in mind 
whether regular cells or solder-tab cells 
are needed. I've found that some con¬ 
sumer NiCd cells are in nonstandard 
packages. One brand of AA cells is a 
millimeter or so shorter than standard 
AA cells; as a result, intermittent oper¬ 
ation is sometimes experienced. To 
avoid solder-shimming these cells or 
re-tensioning the contact spring, I 
simply avoid buying this brand and use 
standard-size batteries instead. 

other batteries 

Several other types of batteries are 


used in communications equipment. 
For mobile and some portable applica¬ 
tions, for example, there's the lead 
acid automobile battery. These are the 
familiar batteries used to start auto¬ 
mobile engines; though they're very 
heavy and quite dangerous because of 
their contents, they're popular because 
they're generally well behaved and 
easily available. In addition, many 
Amateur Radio sets are designed to 
operate from the nominal 13.6 Vdc 
produced by the typical automobile 
battery. 

In addition to the 13.6-volt (nee "12 
volt") battery, there are also 6, 24, 28, 
and 32-volt lead acid batteries on the 
market. Some of these are marine bat¬ 
teries, others are military batteries (28 
Vdc), and still others are truck batter¬ 
ies. The terminal voltage can be in¬ 
creased by connecting batteries in 
series, while current availability is in¬ 
creased by connecting batteries in 
parallel. 

Mobile operation is usually carried 
out with the regular vehicle battery. 
But in certain cases, it's wise to have 
a separate battery for the radio com¬ 
munications equipment in order to 
have battery power in the event of a 
main vehicle power supply failure. 
Boaters, four-wheel drive "boondock- 
ers," hunters, and others may want to 
consider the type of system shown in 
fig. 4. This system, common in recrea¬ 
tional vehicles, powers the creature 
comforts separately from the vehicle 
battery. The point is to keep your com¬ 
munications capability, even if you 
accidentally discharge the vehicle bat¬ 
tery by leaving the lights on or suffer 
some other problem. The backup bat¬ 
tery could then be used to start the 
vehicle or summon help, depending 
upon the situation. 

The charger will be a generator or 
alternator installed in the vehicle. 
Although the ideal system would be to 
have separate charging and regulating 
systems, that ideal isn't always achiev¬ 
able for certain practical reasons. 
Thus, we have a single charger and 
voltage regulator for two or more bat¬ 
teries. Isolation between the batteries 
is provided by a pair of large-current 
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silicon diodes (CR1 and CR2). The rat¬ 
ing of these diodes should be at least 
1.5 times the maximum charge rate of 
the charger. In most cases, large stud- 
mounted diodes are used for CR1 and 
CR2 r and they're mounted on a finned 
heat sink. In vehicular installations, 
keep in mind that ambient temperature 
is high in some locations, and will 
affect diode reliability. 

For portable operations, some means 
must be provided to charge the lead 
acid battery. In most cases, a small 
gasoline or kerosene engine-powered 
generator is used to provide battery 
power. In some cases, an automotive 
type battery charger is needed to con¬ 
vert the ac output from the generator 
to dc for the battery. It's increasingly 
common, however, to find small 500- 
to 2000-watt generators that include a 
"12-volt" output that provides from 6 
to 35 amperes for purposes of power¬ 
ing radio equipment or charging bat¬ 
teries. 

Other forms of chargers are also 
used. Some people use wind power, 
while others use falling water (which 
is somewhat easier in isolated locations 
than you might think possible), and 
still others use sunlight. I once met a 
Swedish Pentecostal missionary who 
worked in the deserts of Sudan. In the 
area of Africa to which he was sent, 
the roads are littered with the corpses 
of dead animals — even camels — 
which should give you an idea of just 
how dreadful the place is. His organi¬ 


zation doesn't allow him to set up 
camp without a 6-MHz Stoner Com¬ 
munications transceiver and an 
Amateur Radio transceiver (he uses a 
Kenwood TS-120). One thing that's 
plentiful in those latitudes is sunshine, 
so a set of solar panels (intended orig¬ 
inally for boaters) was procured to 
charge the lead acid batteries. A 
6-ampere charging system cost him 
about $2300 at the time it was pur¬ 
chased several years ago, but it's prob¬ 
ably cheaper now. 

Regular maintenance of lead acid 
batteries is relatively easy and abso¬ 
lutely essential. The water level in each 
cell must be checked periodically; 
those whose need for the battery is 
critical should check the level weekly. 
Although it's best to fill the cells with 
distilled water (because of the lack of 
additional chemicals), ordinary tap 
water will also work. The vents in the 
caps that cover the cells mustn't be 
blocked; if dirt obscures the opening, 
replace the cap or clean it. 

Warning: lead acid batteries 
produce hydrogen as a normal by¬ 
product. If you fail to observe proper 
procedures, this hydrogen may cause 
the battery to explode, causing serious 
injury to people and damage to 
equipment. 

Never allow the battery to be¬ 
come overcharged. Turn off all 
circuits connected to the battery — es¬ 
pecially the charger — before discon¬ 
necting the wires to the battery. If 
current is flowing in those circuits, 
then a spark will occur . . . and that 
spark can create an explosion. This is 
not a hypothetical possibility, but a real 
danger. I've seen it happen twice in my 
career, and one time it darn near cost 
a fellow two-way radio technician his 
eyesight. He made the mistake of dis¬ 
connecting the wires from a battery 
charger before turning off the charger 
and all peripheral circuits. 

gel cell batteries 

Another form of battery popular in 
portable radio equipment is the gel cell. 
I've seen these batteries in commercial, 
medical, and Amateur Radio equip¬ 
ment. Several years ago I worked with 


MiTiIif; 


i 3 


CD 


ICOM 



- S'SI 


IC-735 List 

IC-735 Gen. Cvg. Xcvr $999.00 

1C-751A Gen. Cvg. Xcvr 1649.00 

R7000 Gen, Cvg. Rcvr. 1099.00 

R71A Gen. Cvg. Rcvr. 949.00 

IC-761 New Top of Line 2499.00 

IC-28A/H FM Mobile 25w/45w 429/459 
IC-37A FM Mobile 25w 499.00 

IC-900 Super Multi-Band Mobile 589.00 
1C-04AT UHF HT 449.00 

IC-48A UHF 45w 459.00 

IC-38A FM Mobile 25w 459.00 

IC-02AT FM HT 399.00 

IC-//2AT Micro HT 329.00 


Juns 
Call $ 
Call $ 
Call $ 
Call $ 
Call $ 
Call $ 
Call $ 
Call S 
Call $ 
Call $ 
Call $ 
Cal! $ 
Call $ 


KENWOOD 


IIli 

0° -■ 




TS-440S/AT 
TS-940SAT Gen. Cvg. Xcvr. $2249.95 Call $ 

TS-430S Gen. Cvg. Xcvr. 819.95 Call $ 

TS-711A All Mode Base 25w 899.95 Call $ 

TR-751A All Mode Mobile 25w 599.95 Call $ 

TS-440S/AT Gen. Cvg. Xcvr 1199.95 Call $ 

TM-2530A FM Mobile 25w 429.95 Call $ 

TM-2550A FM Mobile 45w 469.95 Call $ 

TM-2570A FM Mobile 70w 559.95 Call $ 

TH-205 AT. NEW 2m HT 259.95 Call $ 

TH-215A. 2m HT Has II All 349.95 Call $ 

TH21BT 2M HT 259.95 Call S 

TH31BT 220 HT 269,95 Call $ 

TM--3530A FM 220 MH2*25w 449.95 Call $ 



I :imI i 


FT 757GX 

FT-757 GX Gen. Cvg. Xcvr, 
FT-767 4 Band New 
FT-270RH FM Mobile 45w 
FT-290R All Mode Portable 
FT-23 R/TT Mini HT 
FT-209RH RM Handheld 5w 
FT-726R All Mode Xcvr. 
FT-727R 2M/70CM HT 
FT2700RH 2M/70CM 25w 


$995.00 

1895.00 

439.95 

579.95 

299.95 

359.95 
1095.95 

479.95 

599.95 


Call $ 
Call $ 
299.9S 
Call $ 
Call $ 
Call $ 
Call S 
Call $ 
Call $ 


JUN'S 








124 


August 1987 



















a piece of equipment that kept failing 
because of "premature" battery fail¬ 
ure. The equipment manufacturer sent 
us a newly designed internal battery 
charger, but it too was deficient. All 
our battery chargers were high-tech 
models that depended upon sensing 
small variations in terminal voltage to 
determine a charge or discharge state. 
Unfortunately, the analog sensing cir¬ 
cuitry had enough dc drift to produce 
bad results. In desperation, the en¬ 
gineer in our laboratory called the 
battery manufacturer — instead of the 
manufacturer of the device — and 
asked him. The manufacturer's appli¬ 
cations engineer asked if we'd ever 
heard of Kirchoffs Voltage Law. Allow¬ 
ing that we'd heard that one before, 
we let the applications engineer guide 
us to a solution (see fig. 5). 

The circuit shown in fig. 5 shows a 
simple method of charging gel cells 
(and other forms of batteries). The 
charger power supply must have two 
features: a precisely controlled output 
voltage and a current-limit control. 
With switch SI open, set the output 
voltage to exactly the value of the fully 
charged voltage of the battery, or 
perhaps a small amount higher (100 to 
200 mV). Place S2 in the shorting 
position and then close SI. Adjust the 
current-limit control for a short-circuit 
current equal to the maximum permit¬ 
ted charge current of the battery (A- 
H/1Q for many batteries). After the 


current and voltage are set, place 
switch S2 in the BATT position and 
charge the battery. When the battery 
voltage is less than the power supply 
output voltage, current flows into the 
battery. But when the battery voltage 
equals the power supply voltage, cur¬ 
rent flow ceases. 

conclusion 

Batteries can provide freedom of 
operation for electronic equipment. 
But they can also be a nuisance if not 
maintained correctly. Proper main¬ 
tenance of the battery will provide long 
and reliable life. 
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Phone_I-1- 

Sign Hero _ 
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convert a $25 CB HT 

for 6 meters 


New crystals, alignment 
put you on the air 

Radio Shack's new TRC-501 is intended for un¬ 
licensed 49-MHz CB operation. While most units sold 
for this band commonly use a-m and super-regener¬ 
ative receivers, this unit is a unique full-fledged fm 
transceiver aimed at the semi-professional user who 
needs inexpensive, very local communications. At its 
low price (about $25), this unit obviously can't be com¬ 
pared with commercial quality HTs — but it still rep¬ 
resents a surprising value for Amateur experimenters. 
This article shows how to convert this transceiver for 
the 6-meter Amateur band. 

The schematic supplied with the transceiver is un¬ 
fortunately very tiny and impossible to read. (I did try 
enlarging the print to produce a more legible copy, but 
the optical limitations of my copying machine pro¬ 
duced only larger, even more illegible prints.) Since 
very little other useful technical information accom¬ 
panies the transceiver, I'll provide a quick description 
of the circuits used in this frugally engineered package. 

receiver 

The rf amplifier is a common-base stage. Most of 
the front-end selectivity is provided by L2, the inter¬ 
stage coupling transformer between the rf amplifier 
and mixer. Another bipolar transistor serves as the 
mixer stage. The first of two ceramic filters, an inex¬ 
pensive wideband 10.7-MHz type commonly found in 
fm broadcast i-f stages, follows the mixer. A third- 
overtone crystal oscillator provides LO injection. 


I The heart of the receiver is a Motorola MC1355 in¬ 
tegrated circuit. This chip provides all of the i-f func¬ 
tions, including the second LO oscillator and mixer, 
fm detection and audio squelch circuits. The second 
i-f is on 455 kHz. The ultimate receiver selectivity is 
determined by the 455-kHz ceramic filter. An LM386 
audio amplifier delivers surprisingly good audio, 

transmitter 

The transmitter signal starts with a 16-MHz oscil¬ 
lator, triples, and finally ends up in a low-power am¬ 
plifier stage. Direct fm — via a varicap modulator — 
is applied to the 16-MHz oscillator. A deviation con¬ 
trol (RV1) is included in the audio chain. The internal 
electret mic element produces good quality audio. 

order crystals 

The first thing to do is order the crystals for the 
desired receiver and transmitter channels. The trans¬ 
mitter crystal operates at one-third the actual trans¬ 
mitting frequency. For example, for 52.525-MHz (the 
national simplex channel), order a crystal for 17.508333 
MHz. 

The receiver crystal operates 10.7 MHz below the 
desired receive frequency. Again, using 52.25 MHz as 
an example, the crystal would be on 41.825 MHz. Spe¬ 
cify a third-overtone series-resonant cut when or¬ 
dering. 

Most crystal companies will gladly, and without 
cost, correlate new crystals against customer samples. 
For best results 1 suggest carefully removing the crys- 

By Peter Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 06071 
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tals from the TRC-501 and sending them along with 
your order. They'll be returned undamaged. Since I 
chose to order my crystals before the TRC-501 was 
available, I gambled and guessed that a 20-pF load 
capacitance was correct for the transmit crystals. I was 
wrong, and the transmitter was nearly 25 kHz low in 
frequency. By inserting a 22-pF capacitor in series with 
the crystal, I was able to persuade the crystal to oscil¬ 
late on the proper frequency. This involved cutting a 
run on the bottom of the board. I strongly recommend 
sending the 49~MHz crystals to the crystal company 
for proper correlation on the new frequencies. Men¬ 
tion that these crystals are for 49.830 MHz operation. 
Otherwise, I'd suggest ordering crystals about 8.333 
kHz higher in frequency than calculated to correct for 
my errors. (For 52.525 MHz, the crystal would be at 
17.516666 MHz instead of 17.508333 MHz when spec¬ 
ified for 20-pF load capacitance, fundamental cut.) 
Also be sure that the new wire lead crystals are phys¬ 
ically no larger than the ones supplied with the TRC- 
501; if they're larger, you'll find (as I did) that you 
won't be able to fit the radio back into its case with¬ 
out expending considerable effort in repositioning the 
crystals. Most crystal manufacturers will have no prob¬ 
lem in supplying a crystal package equal to or smaller 
than those supplied with the TRC-501. 

disassembly 

Opening the TRC-501 is somewhat of a challenge. 
Start by removing the belt clip from the rear of the 
radio and the battery compartment cover. This will ex¬ 
pose a single phillips-head screw which must be re¬ 
moved. The front and rear covers are clamshelled 
together; looking into the battery compartment reveals 
two of the four plastic clips locking the pieces to¬ 
gether. Try to pry the case open carefully while work¬ 
ing on one of the small exposed hooks with a pick or 
small screwdriver. Once the case pops open, be care¬ 
ful not to misplace the call button or push-to-talk bar. 
The call button must be reinstalled exactly as removed 
upon reassembly — the button's switch shaft-hole is 
not symmetrically oriented. 

Once the pc board is exposed, remove the phillips 
screw located at the top of the board. The board may 
be lifted and laid to one side of the front of the case, 
but be careful not to stress the speaker or mike leads 
unduly. Note that the component part numbers, refer¬ 
enced to the schematic, are silkscreened on the com¬ 
ponent side of the board. Remove the solder from the 
leads mounting crystals X2 and X3 carefully. Once the 
holes are completely clear of solder and the leads are 
free, remove the crystals. 

transmitter alignment 

When the new crystals arrive, install the transmit 
crystal at X3 and the receive crystal at X2. Receiver 


alignment requires an adjustable level signal source. 
Transmitter alignment requires a field-strength meter 
and some means of setting the frequency; either a 
counter or receiver equipped with a zero discriminator 
meter will be useful. 

f found it easiest to tune the transmitter using a field- 
strength meter. Coils L6, L5, and LI are peaked for 
maximum field strength with the antenna fully extend¬ 
ed. These three coils are clustered together in the low¬ 
er right-hand section of the pc board, below crystal 
X3. Repeak the coils several times until no further im¬ 
provement is noted. Transmitter frequency is adjust¬ 
ed by coil L7, directly above X3. The coil wax should 
be removed before the coil is adjusted. Heat the wax 
with a small iron and use tissue paper to wick away 
the wax when it's molten. The coils might tend to peak 
with cores almost fully removed from the forms. By 
going further into the forms (i.e., clockwise, rather 
than upwards) there's more adjustment for raising 
frequency. 

The transmitter deviation is controlled by RV1, 
located above X3. The audio sensitivity is very good, 
and the deviation limiting is excellent, as is the modu¬ 
lation symmetry and quality. 

receiver alignment 

When crystal X2 is installed, a strong local signal 
should be audible. If not, the crystal may not be os¬ 
cillating, and a slight readjustment of L4 may be need¬ 
ed. Remove the coil wax from L4 before adjusting. Coil 
L4 is below X2 in the bottom left-hand corner of the 
board. Receiver alignment is done by setting coils L4 
and L2 for best quieting on a weak signal. Coil L2 is 
located near center at the board bottom. If the audio 
sounds slightly distorted, adjusting coil L4 will clear 
up the problem. (Although the factory setting is just 
fine, coil L3 may be adjusted for best recovered audio.) 

performance 

Because I had some difficulty finding a true 50-ohm 
termination point in this transceiver, the actual per¬ 
formance specs may be better than those I've mea¬ 
sured, and certainly no worse. The manufacturer 
specifies 0.5-/A/ sensitivity for 20 dB-s/n; I measured 
about 2 /*V. Transmitter power is rated at 10,000 jiV/M 
at 3 meters, the maximum allowed by the FCC for un¬ 
licensed 49-MHz operation. Actual power, with a fresh 
alkaline battery, was measured at + 11 dBm (roughly 
10 mW). 

There's a dearth of 6-meter fm activity here in Con¬ 
necticut, and I've converted only one of these units 
so far, so I can't boast about great DX contacts made 
with the TRC-501. For local line-of-sight communica¬ 
tions, I suspect the TRC-501 will be hard to beat. 

ham radio 
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DX FORECASTER 

Garth stonehocker, K0RYW 
summertime DX 

You've probably noticed some 
changes in operating conditions be¬ 
tween this spring and summer's DX 
season. One obvious difference is that 
the daytime bands are open for more 
hours, from early morning till late 
evening. This translates to more hours 
for DXing during your summer leisure 
time. 

Even though the 15- and 20-meter 
bands are open for long skip, the 10- 
and 12-meter bands don't open often, 
and when they do, they're not open 
for very long. Signal levels also appear 
to be down. All these effects are at¬ 
tributable to the fact that the sun is in 
the northern hemisphere. During the 
daytime, the sun's ultraviolet light 
generates a thicker, more dense iono¬ 
sphere over a larger area. Because this 
increase in ion production occurs in 
the D, E, and lower F regions of the 
ionosphere (i.e., 48 to 100 miles above 
the surface of the earth), it's more 
difficult for ions to diffuse and drift 
upward to the higher F2 layer, about 
180 miles above the Earth. Conse¬ 
quently, the maximum usable frequen¬ 
cies (MUFs) don't build up as high in 
summer as they do during the other 
seasons of the year. The lower MUF 
signal loses more of its energy as it 
travels through the thicker, more 
dense D, E, and lower F regions. The 
loss can be up to 7 dB on 20 meters 
in the mid-latitudes. As a result, sum¬ 
mertime long-skip conditions on 10 
and 12 meters include shorter open¬ 


hr 


ings — if the bands are open at all — 
and weaker signal levels. Thunder¬ 
storm noise is also prevalent. 

So what can we say that's positive 
about this season? Well, there are 
sporadic E short-skip openings. The 
upper bands retain their MUFs longer, 
and the MUFs are higher and nearly 
constant over the north polar regions 
because of the continuous daylight 
there. The sporadic E openings (up to 
1200 miles and multiples) produce sig¬ 
nal levels that are sometimes 25 dB 
greater than those received during 
long skip; they also account for 6- 
meter (and lower) band openings for 
a few hours nearly every day. You can 
also expect an improvement in 20 
meters, with long-skip paths increas¬ 
ing in duration and available in more 
northern latitudes. This opportunity 
may provide contacts you haven't 
thought of working before. So the 
summer season is good for some de¬ 
cent DX after all! 

last-minute forecast 

The month opens with the lower 
bands favored in spite of the high 
probability of thunderstorm QHN in the 
late afternoon and evening. Solar flux 
levels are expected to be low during 
the first and second weeks; work DX 
from early morning till noon. A typical 
day might start with a mix of short-skip 
propagation from Sporadic E openings 
around sunrise and long-skip paths 
from the darkness periods traveling 
from the west but shifting to the east. 
As the sun rises — and with it, the 
ionospheric layer and consequent sig¬ 
nal absorption — expect short-skip 
conditions to reoccur. If the signals 
weaken too much, move up to 15 or 
20 for awhile. Look for E$ openings 
closer to noontime. Try the higher 
bands for Eg also. These higher fre¬ 
quencies are expected to be best 
around August 20. Don't expect many 
transequatorial one-long-hop openings 
this summer, but look for the Eg open¬ 
ings to the south. Geomagnetic distur¬ 
bances may be experienced around 


August 4, 17, 22, and 28. These dis¬ 
turbances will affect the nighttime 
bands the most. 

For the VHF/UHF enthusiast, the 
moon's perigee will occur on the 8th, 
with the full moon on the 9th. The Per- 
seids meteor shower will occur from 
the 10th to the 14th, with a maximum 
rate of better than 50 meteors per hour 
expected on the 11th and 12th. This 
is an excellent shower to work with. 

band-by-band summary 

Six-meter sporadic E short-skip con¬ 
ditions will occur for 30 minutes to a 
couple of hours around local noon on 
some days, for this last good month 
of this summer's Eg season. Expect 
about 1000 miles per hop. 

Ten, twelve , and fifteen meters will 
experience quite a few short-skip Eg 
openings and some long-skip openings 
during the 27-day solar flux peaks to 
southern areas of the world during 
daylight hours. Fifteen meters will be 
best for only an hour or two as the 
maximum usable frequency decreases 
during the late afternoon. 

Twenty, thirty , and forty meters will 
be useful for DX communications to 
most eastern, western, and northern 
areas of the world during daylight 
hours and into the evening almost 
every day, via long skip to 2000 miles 
per hop or by means of short-skip Eg, 
with 1000-mile hops. The period of 
daylight is still relatively long, but will 
be noticeably shorter by the end of the 
month. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX, 
even though the background noise is 
severe in the evenings. The direction 
of the openings will rotate around from 
the east to the south and then west¬ 
ward toward the morning. If you want 
to avoid thunderstorm QRN, Sporadic 
E propagation may be helpful in the 
early evening toward the east and 
south. Try the early morning hours for 
communication paths to the west and 
monitor WWV or VWVVH on 2.5 and 
5 MHz as beacons. 
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universal temperature 
probe 

The80T*150U Universal Temperature Probe 
from the John Fluke Manufacturing Company, 
Inc*:, is a measurement accessory that converts 
any digital multimeter into a thermometer. The 
80T-150U uses a P-N junction temperature sen- 
sor housed in a low thermal mass tip to provide 
fast, highly accurate readings. 

Switch-selectable for readouts in F or C, the 
80T-140U can make temperature measurements 
of live circuits, with 350-volt peak ac standoff 
capability. Small components can be accurately 
measured without cooling caused by the mass 
of the probe tip. 

The80T-150U has a range of - 58 to +302 
degrees F ( - 50 C to + 150 C). Its basic accur¬ 
acy is ± 1.8 degrees F (1 C) from 32 to 212 
degrees F (0 to 100 C), thereby providing more 
accurate readings than most thermocouple de¬ 



vices. The unit uses a standard 9 volt battery, 
with a built-in battery check feature using the 
external DMM. Average battery life is 1600 
hours. 


The 80T-150U has a suggested U.S. list price 
of $129. 

For more information, contact John Fluke 
Manufacturing Company, Inc., P.O. Box C9090, 
Everett, Washington 89206. 

Circle #301 on Reader Service Card. 


new tuning indicator 

MFJ Enterprises, Inc. has released a new tun¬ 
ing indicator for users of TAPR TNC-ls, TNC-2s, 
and clones such as the MFJ-1270. 

The MFJ-1273 ($49.95) lets you tune in hf, 



OSCAR and other non-fm packet stations fast 
because it shows you in which direction to tune 
your radio. Just center a single LED and you're 
precisely tuned in to within 10 Hz. 

Twenty high-resolution LEDs and wide fre¬ 
quency coverage make tuning easy. 

The MFJ-1273 tuning indicator plugs into the 
MFJ-1270 and all TNC-ls, TNC-2s, and clones 
that have the TAPR tuning indicator connection. 

This MFJ product comes with a double guar¬ 
antee. If ordered directly from MFJ, it may be 
returned within 30 days for a prompt refund (less 
shipping). It's also covered by MFJ’s one-year 
unconditional guarantee. 

For more information, contact MFJ Enter¬ 
prises, Inc., P.0, Box 494, Mississippi State, 
Mississippi 39762. 

Circle #302 on Reader Service Card. 


ATV exciter/modulator for 
33 cm 

P. C. Electronics' Model TXA5-33 1-watt ATV 
exciter/modulator board for the 33-cm (902-928 
MHz) band allows Amateurs of Technician class 
license or higher to transmit live-action color or 
black and white composite video from cameras, 
VCRs, or computers to other hams. 

Most ATV activity has been on the 70-cm 
(420-450 MHz) band up until now. By also having 
a 33-cm ATV station, hams can now run full 
duplex video and audio crossband with another 
station on 70 cm. The TXA5-33 board should 
also make putting up a short-distance video link, 
crossband ATV repeater, bulletin board video 
repeater, and public service applications such as 
Space Shuttle video and weather radar video 
easy — without tying up one or both of the usual 
70-cm ATV channels. 



The 3 x 5-inch wired and tested TXA5-33 
board accepts the standard 1-volt peak-to peak 
composite video from any source. For sound, 
the P.C. Electronics FMA5 or XFMA5 Sound 
Subcarrier board is connected to the 4.5-MHz 
input pad of the TXA5-33 modulator circuit. The 
board takes 12 to 14 Vdc. At 13.8 Vdc, the board 
draws about 400 mA and puts out over 1 watt 
PEP into 50 ohms on the sync tip. 

Using the 1-watt TXA5-33 and 23-element 
Tonna 20923 beams (16.2 dBd), the snow-free 
line-of-sight video range is 10 miles. This distance 
assumes a 4.2-dB loss in 100 feet of Columbia 
1180C or Bolden 9913 coax and the P.C. Elec¬ 
tronics TVC-9G GaAsFET Downconverter ahead 
of any good TV set tuned to channel 3. Distance 
will be greater with shorter coax length or by 
mounting the antenna on the downconverter 
(every 6 dB doubles the distance). 

Video quality is about as good as what you'd 
see fromyour own camera on your home VCR. 
The TV set's if bandwidth is the major limita¬ 
tion on resolution. Since ATV uses the same 
standards as broadcast TV, receiving is as easy 
as connecting a downconverter and antenna for 
Amateur frequencies to your TV set or VCR 
tuner set for channel 2, 3, or 4, depending on 
which one is unused in your area. 

The TXA5-33 transmitter board is priced at 
$139; the TVC-9 GaAsFET downconverter board 
at $69; and the TVC-9G downconverter — ready 
to go in a cabinet with power supply — is $109. 
The Tonna 20923 23-element Yagi is $59, All 
prices include UPS surface shipping in the con¬ 
tiguous USA. 

For a complete catalog of product informa¬ 
tion, contact P.C. Electronics, 2522 Paxson 
Lane, Arcadia, California 91006. 

Circle #303 on Reader Service Card. 


1.2-GHz transceiver 

ICOM has announced the release of its com¬ 
pact new 1C-1200, a 1.2-GHz transceiver for 
mobile or base operation that covers 1240-1300 
MHz. 

Featuring a simple-to-use front panel and a 
large LCD readout with an automatic dimmer cir¬ 
cuit, the IC-1200 has 21 memory channels, 10 
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watts output power (including a low-power 
position for Novices), and memory scan. All 
subaudible tones are built-in. 

The 1C 1200 incorporates ICOM's AFC {Auto¬ 
matic Frequency Control) function, which auto 
niatically adjusts the receive frequency to the 
frequency of the transmitting station. 

Two new options for the 1C-1200 are the 
UT-28 digital code squelch unit, which incor¬ 
porates a system of digital coding and decod¬ 
ing, and the UT-29 tone squelch unit, which 
encodes and decodes subaudible tones. 



For further information, contact I COM America 
Inc., 2380 116 Avenue N.E., P.0. Box C-90029, 
Bellevue, Washington 98009-9029. 

Circle 1304 on Reader Service Card. 


packet radio handbook 

In the new Packet Radio Handbook from TAB, 
Jonathan Mayo, KR3T, covers just about every¬ 
thing a beginner needs to know to put a packet 
radio station on the air. In addition, he discuss¬ 
es the history and development of packer radio; 
the people and organizations who introduced it 
to Amateurs; using packet with other modes for 
emergency communications and traffic handling, 
and more. 

For newcomers, the book serves as a com 
prehensive introduction to packet radio theory 
and operation. Experienced operators will find 
a thorough review of basic techniques, along 
with more detailed technical information about 
modulation methods and networking principles, 
the use of protocols such as AX.25 and VADCG, 
an explanation of how TNCs work, and a dis 
cussion of bulletin board operation. 

Also included are a complete glossary of com¬ 
mon packet radio terms, listings of available 
equipment, and names and addresses of pack¬ 
et manufacturers, clubs, and newsletters. 

The Packet Radio Handbook can be ordered 
from Ham Radio's Bookstore for $14.95, plus 
$3.50 shipping and handling. 


software for Novices 

Heathkit's updated computer-assisted instruc¬ 
tion {CAD software offers FCC-approved ques¬ 
tions for all five Amateur Radio examination 
elements, including the latest Novice, Tech¬ 
nician, and General class examinations. Menu- 
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driven programs on disk feature all nine sub 
elements plus the entire data base of FCC 
approved questions. Users can create sample 
tests with multiple-choice questions and a CW 
practice program. 

The software can be used with Heathkit, 
Zenith Data Systems, IBM, and other PC 
compatible computers. 

For information, contact Heath Company, 
Department 150-905, Benton Harbor, Michigan 
40922. (In Canada, contact Heath Company, 
1020 Islington Avenue, Department 3100, Tor¬ 
onto, Ontario M8Z 5Z3.) 

Circle 1305 on Reader Service Card. 


new terminal program 
for C-64, 128 

Kantronics has introduced a comprehensive 
terminal program written for use with the Com¬ 
modore 64 and 128 computers. Offering split 
screen display, message buffers, disk storage, 
a type-ahead buffer, and other features, the 
C-128 program runs in 128 mode and provides 
for 80-character lines. It be used with almost all 
the Kantronics '‘smart" modems, including the 
KPC-1. KPC-2. KPC-4, KPC 2400, KAM, and 
UTU-XT/(P). Kanterm 64 and 128 are included 
on a single diskette. The suggested retail price 
is $29.95. 

For details, contact Kantronics, 1202 E. 23rd 
Street, Lawrence, Kansas 66046. 

Circle 1306 on Reader Service Card. 


compact VHF amplifier 

The HL-160V25A is the compact version of the 
HL-160V25 VHF amplifier. The HL-160V25A has 
all the performance of the original, with a sim¬ 
plified control panel to reduce costs without 
sacrificing quality. 

Multi-mode operation for FM, SSB, and CW 
plus a new GaAsFET type internal pre-amplifier 
make the HL-160V25A the best choice for high- 
power mobile or base operation with today's 
25-watt output radios. The HL-160V25A pro¬ 
duces 160 watts output from 25 watts drive 
across the entire 2-meter band. The amplifer can 
be keyed by a remote contact or by the rf signal 
from the transceiver or transmitter. 

Currently in stock at local Encomm, Inc. deal¬ 
ers, its suggested retail price is $269.95. For 
details, contact Encomm, Inc., 1506 Capital, 
Plano, Texas 7507. 

Circle £307 on Reader Service Card. 
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new dual-band antenna 
coupler 

Larsen Electronics, Inc. has introduced its new 
AD-2/70 Dual-Band Antenna Coupler, which 
allows simultaneous operation in both VHF and 
UHF bands with a common dual-band antenna. 

The AD-2/70 will connect separate VHF and 
UHF radios with a common dual-band antenna, 
such as one from the Larsen 2/70 series, or allow 
separate VHF and UHF antennas to be used with 
a single-port dual-band radio. 

The Dual Band Coupler, designed for opera 
tion in Amateur 2-meter and 70-centimeter 
bands, can be used for commercial VHF and 
UHF applications as well. Cfossband isolation is 
suppressed to -50 dB or more, permitting 
interference-free simultaneous transmission or 
reception. Maximum power rating is 200 watts 
PEP composite VHF/UHF power. 

For additional information, contact Larsen 
Electronics, Inc., P.O. Box 1799, Vancouver, 
Washington 98668. 

Circle #312 on Reader Service Card. 


weather satellite converter 

Hamtronics, Inc. recently announced a new 
receiving converter for reception of weather fax 
pictures transmitted from satellites operating in 
the 137-MHz band. Basically a modified version 
of the CAW 2-meter Amateur converter, the 
CA137-28 Converter translates all signals 
received in the 136-138 MHz satellite band for 
reception on tunable 28-30 MHz wideband fm 
receivers. To make the conversion in dial fre¬ 
quency, simply subtract 108.000 from the fre 
quency you want to receive. The receiver uses 
a low-noise front end to provide sensitivity of less 
than 0.2 /iV, It operates on + 13.6 Vdc at 30 mA. 

The CA137-28 Converter is available in three 
versions: wired and tested in the 4 x 4 x 2-inch 
cabinet shown at $69; in kit form at $49; and a 
kit for just the pc board module (less case) at 
$39. Shipping and handling is $3. 

GaAsFET preamps of various types are also 
available for this band for those who'd like to 
take advantage of reduced cable loss by mount 
ing a preamp at the antenna. An LNG-144 GaAs¬ 
FET preamp enclosed in a 2 x 2-inch metal case 
is $49 wired and tested. An LNW-144 Preamp, 
which is the same basic circuit without a case, 
is available for $34 wired and tested or $19 in 
kit form. All three have a noise figure less than 
1 dB. By using one of these preamps, the sen¬ 
sitivity of the converter can be made as low as 
0.1 /<V. 

Other Hamtronics products include VHF and 
UHF transmitter and receiver modules and com¬ 
plete repeaters, "202"-type fsk modulators and 
demodulators for digital data interface, low-noise 
GaAsFET receiver preamps, 806-MHz scanner 
converters, transmitting and receiving convert¬ 
ers for various amateur bands, VHF and UHF am 
receivers, repeater COR and CWID units, sim¬ 


plex and repeater autopatches and DTMF de¬ 
coders, and many other products related to VHF 
and UHF fm systems. 

For a complete 40-page catalog of Hamtron 
ics ,M products by return first-class mail, please 
send $1 ($2 for overseas mailing) to Hamtron¬ 
ics, Inc., 65 F Moul Road, Hilton, New York 
14468 9535. 


new interference suppres¬ 
sion device 

Computeradio has announced the availability 
of a new rfi suppression device, the TEXPRO 
Snap-On-Choke, which simplifies the application 
of an anti-interference technique that has long 
been appreciated by experts. Useful for mini¬ 
mizing interference to radios, TV sets, VCRs, TV 
converters, computers, digital data cables, tele¬ 
phones, process control and telecommunications 
systems. The TEXPRO Snap-On-Choke consists 
of a two piece ferrite core and a plastic clamp. 
Its performance is similar to the toroidal ferrite 
cores, and is effective within a 0.5 to 200 MHz 
range. The choke can be clamped onto cables 
of a diameter up to 10 mm (0.4 inch) or can take 



many turns of a thinner cable that will fit in the 
opening (9.9 x 21.6 mm). Installation does not 
require the removal of connectors or the un¬ 
soldering of connections — and doesn't void the 
warranty on equipment. A number of chokes can 
be snapped together if necessary. 

The TEXPRO Snap-On-Choke is a "common 
mode" choke that reduces radiation from the 
currents associated with cables — even shield¬ 
ed cables - acting as transmitting or receiving 
antennas. They can be used in place of a balun 
at the antenna feedpoint. 

Single chokes are priced at $4.00 each. A 
package of four costs $15-00 plus $2.00 for ship 
ping. Chokes come with a specification sheet 
and installation instructions. If you're not satis¬ 
fied, you can return them within 30 days for a 
refund (less shipping). 

For more information, contact COMPU¬ 
TERADIO, Box 282, Pine Brook, New Jersey 
07058. 

Circle #308 on Reader Service Card. 
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computer-aided design 

RF Notes No. 1, Version 3.0, aids in the de¬ 
sign of resonant circuits, filters, basic stripline 
and microstrip projects, as well as cross-product 
and VSWR analysis. Version 3.0 incorporates im¬ 
proved schematic and graphics, in addition to 
allowing on-screen "what if" calculations. Priced 
at $85, the fully menu-driven program is easy to 
use and includes tutorial sections. 

For details, contact Etron RF Enterprises, P.0, 
Box 4042, Diamond Bar, California 91765. 

Circle #309 on Reader Service Card. 


five new antennas 

Mirage has announced the release of five new 
antennas, including three omnidirectional anten 
nas of a "closed J" design and two upgraded 
designs for 440 MHz designed with through-the- 
boom elements rather than molded-on elements, 
for greater durability. ATV users will be espe¬ 
cially interested in the 440-10X and 440-6X 
models, which were designed to replace the 
440 6 and the 440-14. 

Mirage will continue to replace parts and ser¬ 
vice older models. For details, contact Mirage/ 


KLM Communications Equipment, Inc., P.O. 
Box 1000, Morgan Hill, California 95037. 
Circle #310 on Reader Service Card. 


novice "quick course” 

In his new 21-day code and theory course, 
consisting of two long-play, stereo code cas¬ 
settes and a fully illustrated Novice voice-class 
license preparation manual, Gordon West covers 
learning the code in a humorous and educational 
manner. The cassette code learning course is 
designed for students with absolutely no back¬ 
ground in code copy. 

Written by West and Fred Maia, W5YI, the 
accompanying manual includes every Novice 
class exam question, plus a thorough explana¬ 
tion of each as well as a discussion of each of 
the right and wrong answers. Several other 
chapters cover a detailed introduction to the Am¬ 
ateur Radio service. 

Both the tapes and the book contain sections 
specifically for hams preparing administer the 
Novice test. An FCC Form 610 as well as a sam¬ 
ple examination are included, as is a full-color 
ICOM frequency-band chart. 



The course is available through local dealers 
or directly from Gordon West Radio School, 
2414 College Drive, Costa Mesa, California 92626 
for a total cost of $19.95 plus $2.00 for postage 
and handling. 

Circle #311 on Reader Service Card. 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60<c per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


THE ORIGINAL HAM SACK. Deluxe soft padded case for all 
popular handhelds with battery packs. Three zippered compart¬ 
ments for radio, antenna and accessories including spare bat¬ 
tery pack Belt loops and detachable shoulder strap Tough 
Dupont Cordura™nylon. We are hams and we ''know" you will 
like this case Full refund guarantee. $12.50 includes shipping. 
Frank & Linda Reed, KC1DM & N1EUR. I5A Daniel Webster 
Drive, Hudson, NH 03051. 


AMPLIFIER BREAKTHROUGH The current amplifier drives 
loads push pull without internal voltage gain. Fastest, quietest 
circuit in transistor electronics. Plans for quieter audio amplifi 
ers, ideal for home builders, all wattages, $15. Amplifiers Un¬ 
limited, Rt. 2, Box 139, Highmore, SD 57345. 


HAM LICENSES SUPEREASY. Cut exam preps 50%. All class 
es. Free catalog. SASE. Bahr, 2549-H4 Temple, Palmbay, FL 
32905. 


SMART BATTERY CHARGER for gell cells or lead acid bat 
teries, by Warren Dion, W1BBH. See June '87 QST Magazine 
for circuit details. Complete kit, nothing else to buy, only $49 95 
plus $3 50 s/h. Order #150 KIT. A St A ENGINEERING. 2521 
W. LaPalma, Unit K, Anaheim, CA 92801. (714) 952 21 Id. 


SELL: Amazing Mizuho SSB CW Handheld Mint $125. Argosy 
calibarator, crystal and audio filters, noise blanker. Mint $325 
KIM Echo II, 432 MHz SSB/CW factory preamp very fine $185. 
MFJ Digi Dial (counter becomes digital readout). New $20. Cen 
tury 21 Calibrator and circuit breaker with meter $30. All guaran¬ 
teed and UPS prepaid. WANT: Mocom-10, TIL 306, 308 
readouts. Morsematic SSB squelch WA6GER, 3241 Eastwood 
Road, Sacramento, CA 95821 


WANTED: WW2 Transceiver BC 654 (SCR 284) and PE 103 
dy namotor. Also 1947/48 issues ol Radio Craft and Radio & TV 
News magazines. E. Bircher, 108 Troy Drive. Slidell, LA 70461 
1540) 649 7425. 

COMPLETE STATION FOR SALE: Hammarlund HQ170A VHF 
receiver. Hammarlund HX-50A transmitter, Mosley TA 33Tri 
Band antenna, Tri Ex MW 35 crank up tower (35' extended). 
Shure 444 station mike, Ham M CDR rotor (needs minor repair) 
arid Heathkit cantenna dummy RF load, Make offer for all or 
separate items; you ship. Call 301-948 0035 and leave name and 
number 

2M/1.25M/70CM MOBILE ANTENNA. The Austin Metro mo 
bile provides tri-band operation with single 15" antenna atop 
car. $62.45. ($4.50 PH) including magnet mount. Ed Noli. 
W3GQJ, Sales Rep., PO Box 75. Chalfont, PA 18914. 


FULL NTS TRAFFIC MESSAGE FORMS FOR PACKET OR 
RTTY on your IBM PC. MESSAGE-PAC works with any com¬ 
munications program to give you full Message Forms and for 
malted script/macro command files, ready to transmit This is 
the one you’ve been waiting for. With user defined Pop-Up Help 
& Selection System that no one else offers. Can Pre Load forms 
from disk. Only $29.95. DEMO DISK for $2.00. Write for infor¬ 
mation. Kalt and Associates, 2440 E. Tudor Rd, Suite 138, An 
chorage, AK 99507. 907-248-0133. Charge Cards accepted. 

WEST COAST SWAP SHEETS: Special introductory offer. 
SASE WD6AFC, Bill, 4076 No. Hammel, Fresno. CA 93727 

ELITE + CODE PROGRAMS Apple II i /c/e/GS C 64/128. 
37 modes. Graphics, wordprocessor, menus, lessons, speed 
techniques, drill, practice, print, teach, view modes; 1-100WPM, 
variable sound, character, word spacing, and more. $49.95. 
Check/MO. COD's add $2. Other versions ($14.95 —$44.95). 
$3 50 demo disk gives $2 off next purchase Write: LARESCO, 
POB 2018, 1200 Ring Road, Calument City, IL 60409. 

1 312-891-3279 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. James Long, Ph.D N6YB (408) 733 8329 


APPLE COMPUTER p.d. Ham programs. Six disk sides: CW, 
OSCAR, logs, calcs, etc. $9.00 pp. Cashier's check/m.o 
WA7ZYQ, 238 Tenth, St. Maries. ID 83861. 


TEST EQUIPMENT WANTED. Don't wait - we II pay cash 
for LATE MODEL HP, Tek, etc. Call Glenn, N7EPK, at Skagitron 
ics Co. (800) 356-TRON. 

— “HAMLOG” COMPUTER PROGRAMS, 17 modules 
auto logs, sorts 7-band WAS/DXCC. Full features. Apple 
$19.95, IBM or CP/M $24.95. KA1AWH. POB 2015, Peabody, 
MA 01960. 


RV OPERATORS are invited to check in Sun 2 PMC, 14.240 
+ 5. Tues, Thurs 8 PMC 3.880 ±5. Good Sam RV Net. Info 
SASE KJ4RO 

CHASSIS, CABINET KITS. SASE K3IWK, 5120 Harmony 
Grove Road, Dover, PA 17315. 


TELEVISION SETS made before 1946, early TV parts, litera 
ture wanted for substantial cash. Especially interested in ''mir¬ 
ror in the lid" and spinning disc tv's. Finder's fee paid for leads, 
Arnold Chase, 9 Rushleigh Road, West Hartford. Conn. 06117. 
(203) 521 5280 


ENGINEERS request free catalog of Electronics Software. Cir 
cuit analysis, filter design, graphics, etc. BV Engineering, 2200 
Business Way, Suite 207, Riverside, CA 92501 (714! 781-0252. 


NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Full-Service Ham-SWL CB 
Scanner store in NJ. Discount Grand Opening Prices. Top per 
forming radio systems for every budget. New 10 meter and 
VHF/UHF ngs. ARRL, Amphenol, Astatic, Astron, Azden. 
B&W. Bilal Belden 9913, Butternul, Clear Channel, KLM, Lar 
sen, MFJ, Mirage, Mil Spec Cables, much more. Open M F 10 
AM-9PM Sat 10 AM 7 PM. Buy arid sell used gear and have 
qualified repair facility ABARIS SYSTEMS, 276 Oriental Pi, 
Lyndhursf, NJ 07071 (201) 939-0015 


IBM-PC RTTY/CW. New CompRtty II is the complete 
RTTY/CW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII, BAUDOT, CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
mode/speed change Hardcopy, diskcopy, break-in buffer, se¬ 
lect calling, text file transfer, customizable full screen logging, 
24 programmable 1000 character messages. Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS 232C TU. $65. Send call letters (including MARS) with or 
der. David A. Rice, KC2HO, 25 Village View Bluff, Ballston Lake, 
NY 12019. 


REMEMBER TROLLEY CARS? Trolley Treasurer: The War 
time Years in New Jersey (1939 1947). a 4 volume photodoc 
umentary history, includes 1600 unpublished, original 
photographs plus extensive historical notes. Volume I. The Com 
promise Roof Cars of Public Service Coordinated Transport, 
ready now. SASE for details. To order, contact Trolley Themes, 
A.W. Mankoff, 2237-3 Woodside Lane, Sacramento, CA 95825. 
($14.95 plus $1.50 SEtH). 


SSSSSSUPER SAVINGS on electronic parts, components, sup 
plies and computer accessories. Free 40-paqe catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Box 830119. Richard 
son, TX 75083 or call (214) 690 1102 

RTTY JOURNAL— Now in our 35th year Jom the circle of 
RTTY friends from all over the world Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15.00 Send to; RTTY JOUR 
NAL, 9085 La Casita Avy., Fountain Valley, CA 92708. 

NEED YAESU READOUTS: Texas Instruments TIL 306 
TIL 308 R110 GRC Schematic. Want ICOM DV 21 VFO. Wag 
ger, 3241 Eastwood Rd, Sacramento, CA 95821 

IMRA International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net. 14.280 MHz, 2-3 PM 
Eastern Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538, 

ANTENNAS G5RV Kit $29.95, KT5BA Multi Band Ant. 
160M-10M only $49.95. Antenna accessories, roller inductors, 
bal-Feed line, coaxial cable weather boot kit $9.50 and MUCH 
MORE! To order call (805) 646 9645. For catalog write Kilo-Tec, 
Box 1001, Oak View, CA 93022 


HOMEBREW PROJECTS LISTS. SASE, WB2EUF. Box 708, 
East Hampton, NY 11937. 


FOR SALE: All new RCA 6816, RCA 8072, Eimac 8560A, Sock¬ 
et, Berylium oxrde block, heat sink. 2- 4CX250B screen rings 
and ceramic chimneys. Richard Stevens. POB 118. Ashueiot, 
NH 03441. (603) 239-6079. 


RUBBER STAMPS: 3 lines $4 50 PPD. Send check or MO to 
G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117. SASE 
brings information. 


ELECTRON TUBES: Receiving, transmitting, microwave all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. (213) 
774-1255. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 

COMING EVENTS 

Activities — “Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICI¬ 
TY COORDINATORS: Please indicate in your announcements 
whether or not your Hamfest location, classes, exams, meet¬ 
ings, flea markets, etc, are wheelchair accessible. This informa¬ 
tion would be greatly appreciated by our brother/sister hams 
with limited physical ability. 


MAINE: September 12 Windsor Hamfest, sponsored by the Au¬ 
gusta Emergency Amateur Radio Unit. Southern Kennebec 
Agricultural Society Fairgrounds, Windsor. Flea Market, out¬ 
door spaces free, indoor tables available. Forums, distributors, 
Saturday night homebaked beans and casseroles. Gate dona¬ 
tion $2.00 Overnight camping $3/night or $5/two nights. Talk 
in on W1TLC 146.22/82 repeater. For information: Phil and Dot 
Young, W2JTH and W1TGY, 47 Longwood Avenue, Augusta, 
ME 04330. Telephone (207) 622-1385. 


TENNESSEE: August 30. The Lebanon Hamfest sponsored by 
the Short Mountain Repeater Club. Cedars of Lebanon State 
Park, US 231, 7 miles south of Lebanon. All outdoors. Bring 
your own tables. Food and drinks available. For further infor¬ 
mation contact Mary Alice Fanning, KA4GSB. 4936 Danby 
Drive, Nashville, TN 37211. 


INDIANA: August 16. The Lafayette Hamfest. Tippecanoe Co. 
Fairgrounds, on Indiana 25 in Lafayette. Indoor setup 5 PM to 
8:30 PM EST Saturday night No overnight camping on fair¬ 
grounds. Outdoor setup 5 AM 


OHIO: September 27, The Cleveland Hamfest Association's an¬ 
nual Hamfest and Computer Show, Cuyahoga County Fair¬ 
grounds, Berea. Doors open 8 AM to 4 PM. Early setup 6 AM. 
VE exams 9 AM. Tech forums and non ham activities all day. 
Talk in on 146,52 Admission $3.50 advance; $4.00 at the gate. 
Inside tables $10 Outside flea market $4 00. Saturday night ban¬ 
quet. For more information write C.H.A., POB 81252, Cleve¬ 
land, OH 44181-0252. 


COLORADO: August 8. The Ski Country ARC will host its 6th 
annual Hamfest in conjunction with the Colorado Council of ARC 
summer meeting, CMC Building, 1402 Blake Avenue, Glenwood 
Springs 9 AM to 3 PM. Admission free. Tables $5. Refresh¬ 
ments and lunch available. VE exams 9 AM. Videotapes, pack 
et and AMSAT demos. For information contact Bob Ludtke, 
K9MWM. 406 Yale Circle, Glenwood Springs, CO 81601. (33) 
945-8722 


ALABAMA: August 15 and 16 The Huntsville Hamfest and 
ARRl State Convention, Von Braun Civic Center, 700 Monroe 
Street, Huntsville. 9 AM to 5 PM Saturday. 9 AM to 3 PM Sun 
day. Amateur exams August 15 by CAVEC. Walk-ins welcome. 
Flea market, dealers/distributors and non-ham activities. All air- 
conditioned. No admission fee. Light refreshments available. Talk 
in on .34/ .94 For further information contact Gwiri Givens (205) 
883 2760 or Don Tunstil) (205) 536 3904 


OHIO: September 13. The Findlay Hamfest. Hancock County 
Fairgrounds, Findlay. Doors open 8 AM. Admission prior to 9/1 
$3 00. After 9/1 $4.00. Flea market spaces $4.00 at door Re 
served indoor tables $6.00. For tickets and table reservations 
send check and SASE to FRC Hamfest. POB 587, Findlay. OH 
45839. 

WASHINGTON: August 22-23. The Radio Club of Tacoma pre¬ 
sents Hamfair '87 and the ARRL Northwestern Division Con¬ 
vention, Pacific Lutheran University, Tacoma. Friday evening 
entertainment. Doors open 9 AM August 22. Registration $5 00 
til August 12. $6.00 at the door. Banquet $10.00 by August 12. 
RV spaces $2 00. No hookups. Technical seminars, forums, flea 
market (tables $18/6 ) non-ham activities, VE exams all class 
es. For reservations and/or flea market tables write Al Wittich. 
KA/SBJ, 3832 Gay Rd E. Tacoma, WA 98443 or call Bill Mor 
gan, W/GRP (206) 531 -3821 or Marion O'Neal, WB7SQU (206) 
838-3126. 

MISSOURI: September 13. The Ozarks Amateur Radio Soci 
ety will hold its 6th annual Ozarks Club Congress and Swap- 
fest. City Park in Monett. Tailgating starts 9 AM Potluck dinner 

(continued on page 92) 
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Tom McMullen, W1SL 


oops! 

Thanks to K4TG for pointing out an 
error. Please see the "short circuit" at 
the end of this month's column. 

outguessing the 
ionosphere 

From what I've been hearing on the 
bands and reading in newsletters and 
magazines, the 10-meter band ushered 
in the era of Novice Enhancement with 
an impressive demonstration of the fun 
it can provide. Reports abound of 
Novices working some terrific DX, and 
the enthusiasm shown by the lucky 
operators has been truly contagious. 
This is a perfect time for you Novices 
to get acquainted with Garth Stone- 
hocker's "DX Forecaster" column in 
this magazine and make some notes 
about what you've heard or worked. 
You can then check against the 
column to build up a "prediction data 
base" for your location. Many an old 
hand at the Amateur game considers 
the thrill of outguessing the iono¬ 
sphere to be as gratifying as collect¬ 
ing the QSL cards from the DX they've 
worked. 

We'll continue last month's discus¬ 
sion of digital communications next 
month; in this column, we'll take a 
look at 220 MHz, a band that's sure to 
provide plenty of exciting focal com¬ 
munications. 

220 MHz: background 

Years ago, Amateurs had a band 
known as 2-1/4 meters, or 112 MHz. 
A natural offshoot of this was another 
experimental band at 224 MHz — I say 
"natural" because the common prac¬ 


tice was to use harmonics of lower fre¬ 
quencies to generate output on the 
VHF and UHF bands. Later, the 2-1 /4 
meter band was changed to 2 meters 
(144 MHz), but 224 remained un¬ 
changed, and the harmonic relation¬ 
ship obviously fell apart. 

At the time, only true experimenters 
were willing to invest the time and 
money necessary to build separate sta¬ 
tions for the 220-225 MHz "orphan." 
The appearance of surplus commer¬ 
cially made fm equipment on the 
2-meter band encouraged manufac¬ 
turers to produce equipment that 
would lead to our present crop of com¬ 
pact, solid-state, VHF-fm and all-mode 
rigs; the 220-MHz band, however, re¬ 
mained of little interest to most 
manufacturers — partly because of 
its very low occupancy, which was 
brought on by repeated attempts by 
government and commercial interests 
to grab all or part of the band for their 
use. 

These attempts are still being made 
and fought off. There's an important 
difference, however, in that there's im¬ 
mensely greater occupancy now, and 
there will be more activity as Novices 
learn to use this part of the spectrum 
to its full potential. Consequently, find¬ 
ing equipment for 220 MHz won't be 
a problem. 

equipment 

A visit to any Amateur equipment 
dealer or a scan through Amateur pub¬ 
lications will show that there are plenty 
of rigs to choose from. Among the 
most obvious are Kenwood's TM- 
3530A mobile and TH-31BT/31A hand¬ 
held; Icom's IC-375A base station. 


IC-37A and IC-38A mobile units, plus 
their IC-03AT and IC-3AT hand-helds; 
and Yaesu's FT-109RH hand-held. 
There will undoubtedly be more 
models available soon — perhaps even 
before you read this. Repeaters, too, 
are being manufactured for Amateur 
220 MHz use. 

While I'm talking about equipment, 
let me point out that a rig advertised 
as a mobile unit can be used as a base 
station too. A good (i.e., well filtered) 
power supply that provides the re¬ 
quired 12 volts dc at sufficient current 
will afford many hours of home use. 
In fact, many operators get double 
duty out of their rigs by operating them 
both at home and in their cars. Some 
have done as I have — i.e., installed 
a newer mobile rig with more bells and 
whistles in the car, then put the older 
one to work at home. 

antennas 

Every major manufacturer of Ama¬ 
teur antennas offers models for the 
220-MHz band. They're available in the 
form of beam (Yagi) antennas, ground- 
plane antennas, magnet-mount and 
fixed-mount mobile whips of various 
sizes, and the ubiquitous "rubber- 
duckie" that's so useful for portable 
and hand-held use. 

Making your own antennas is al¬ 
ways fun, however, and the size of the 
elements required for 220 MHz makes 
doing so much easier. Anything from 
new aluminum rod or tubing to sal¬ 
vaged TV antenna parts can be used 
to produce high-performance anten¬ 
nas that will let you extend your 
220-MHz contacts to ever-expanding 
distances. You can find directions and 
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12 30. Ssecal activities ihroughcot lhe flay p rse cofle^ and soft 
dfinks p/ovided by the Club. Talk in or» 146 37/97 Fiee 
admission 

INDIANA; August 2. The Porter Co-^rty ARC presents the 
Northwest Indiana Hamtest anc Computer ^a», 49'er Drive-in 
Theater, Rt 49, north of Valparaiso Gates open 7 AM. 6 AM 
for Yerdors Admission $3.00. Children under 12 free. VE test- 
irg, food available, Free parking Many beautiful area attrac¬ 
tions Talk in on 146.775/176 and 146 45/ 144 950 For further 
information: Rich Stahl, K9L8Q, P08 1782, Valparaiso IN 
46383. 


WASHINGTON: August 22 and 23. The Radio Club of Tacoma 
presents Hamfair '87 and the ARRL N,W. Division Convention, 
Pacific Lutheran University. Tacoma Friday evening entertain 
ment for early am vets Doors open 9 AM on 9/22 FJca Market, 
commercial exhibits. VE testing, aW classes. Registrar ton $5.00 
urtll August 12. $6.00. door. Barpuei $10 00 bv August *2 Flea 
-na'kd tables $18/6' includes one icstivaiion fo< >w>ei vaiiurts 
and/pi 1>?«* -oa-ket table wnte Al Witiich, KA75BJ, 3832 Gay 
Road. E Tacoma. WA 98443 or call Morgan, W7GRP 12061 
531 3821 or Mai .on O'Neal, WB7SOU (2061 838 C3126 

IOWA: August 1 and 2. Sun*m«rfest 87 spensu'eo by me Ce 
dat Vak:y ARC, Five Seasons Center, downtown Cedar Rap'ds. 
8 AM to 5 PM Saturday and 8 AM tn 1 PM Sunday Admission 
$5 adult; $3 student advance $6 adult, $4 student at the door. 
Seminars, FCC exams, vendors, *1ea market ard non-ham activ¬ 
ities. For inform alien/reservations Duane Rindftrknechl, 
2825 23 Avenue, Marion, lawa 52302. (3-$> 277 27f>1 days. 
(319) 377-2761 nights. 

TEXAS: August 7-9. Austin SummerFest, sponsored by the 
Austin ARC and Austin Repeater Organza*tor V ila Capri Mn- 
tor Hotel, 2400 North Interstate 35 near center of Austin. In 
door %a market. ARRL forum, tech program iiansmiuer hunt 
and VE exams for all license classes. Saturday evening bartoeque 
and Midnight Woutf Hong ceremony Non ham aits and crafts 
and Austin Aqua Festival available during convention General 
registry iron $5 advance; $7.'door ChJdrer 15 and under free 
To register write Austin SummerFest, PO Box 13473, Austin, 
TX 78711. 

MISSOURI: August 23. The St Charles ARC vwl' sponsor Haw- 
rest 87 a: Blanchette Park, St. Charles 6:30 AM to 3.30 PM 
Free admission and parking including handicapped spaces. $2. 
donation requested for tailgate ftea market Fond available 
Forums and FCC license exams at 10 AM Talk «r on 146.07'''67 
repeater and T 46.52 simplex. Contact Eric Koch. NFOO, 2805 
West minister, St Charles, MO 6330! 13141 946 0948 

ONTARIO; September 19. The Hex-9 G’cup o f the Bame Ama¬ 
teur Radio Club is holding its third PACKFT RADIO SYMPOSI¬ 
UM co sponsored by arid held at Georgian College Barrie. Tafks 
for beginners al 9:30 AM. Main discussions start 1 PM. Regis 
1 rat ion $5 00 Inquire Hex 9 Group, Box 254, Ban®, Ontario, 
14M 4T2. Pre-regisier via packet VE3FJB 1 

OHIO: August 23. The 11 th annual Marysville Hamfest and Com 
pul er Show. Marysville Fairground Admission $3 00 advance; 
$4 GO at the gate Giant flea market Free overnight vamping 
available on grounds. Free entertainment Saturday night plus 
good food ard lots of fun. For furrher information or tickets wole 
Gene Kirby, W8BJN, T3513 US 36 MarysvrlJe OH 43<MU (513? 
644-0468 


KENTUCKY; August 9, The Central Kentucky ARRL Hamlesi 
sponsored by the Bluegrass Amateur Radio Society. Scott Coun¬ 
ty High School, Longhck Road and US 25, Georgetown. 8 AM 
to 4 PM. Tech lor urns, license exams, awards and commercial 
exhibits in air conditioned facilities Free outdoor ff«a market 
space with paid admission. Tickets $5/advance; $6/gate. Talk 
in on 146.16/76 repeater. For information o- tickets SASE to 
Bril DeVore, N40JT, 112 Brigarioon Parkway •-exin won, KY 
40503 

TEXAS: August 8 9 The Panhandle Amateur Radio Clubs 13th 
annual PARC-Golden Spread Hamfesl, Inn ol Amarilo. 60? 
Amanllo Bivd West, Amarillo Starts 9 AM both days Pre 
regislreturn $5 Admission at door $6 Distributors dealers, flea 
market tables $5 VE testing, walk ms only, both days For mo»» 
information wnte PARC Hamfost, Box 10221. Amanllo TX 
79H6 

1987 eLOSSOMLAND eLAST' Sunday, September 20, 
1987. Write ‘BLAST" PO Box 175. St. Joseph, Ml 49085 



OPERATING EVENTS 

“Tfiings to do . . . 


August 2 : The South Hills Srasspnunders and Modulators will 
operate W3PIO to commemorate then 50th Hamtest and 20Otb 
anniversary o? Allegheny County, 20, 15 and 10 meter General 
phone bands For certificate QSL and SASF to Bill Ga r dine r , 
N3DXE, 4756 Child Drive, Pittsburgh, PA 15236. 


August 16: The Arapahoe Radio Club will opera re from sever 
a) of Colorado’s 14,000-fi mountain peaks. 1000-12000 MDT 
(?600 1800 OTCS. SSB or 14.285 MHr. CW 14 060 mHj A car 
tdicate wf't be available Us ring aff Colorado Fourteeners Opera 
lions with checko ( f of all stations worked. A spec-a! memento 
will be serf to any station working all Fourteen*' statin ns. Send 
QSL and legal SASE to K9AY, 7277 S. Clermont Dnve, Little 
ton, CO 80122. 

September 6: The Schaumburg Amateur Radio Club will oper 
ate WB9TXO from the Schaumburg Septemberfest site Horn 
1500-2000Z Suggested frequencies 7.250, 14.250 and 28.400 
MH* For a confirming certifeale send QSL to SARC, P0B 
6825), Schauntburg, Ji. 601680251 

August 1-23. Special event station W9PAX tW9 Pan Amen 
can Toni will operate during the lOlh Par American Games be 
mg field fr hdianapoJis, August 7-23. For additional information 
contact Cornelius M Head, W69ZQE, 9046 Mercury Drive, In- 
da iapok. IN 46229. (317) 263-5281 iO> (3171 898 2792 Hi. 

September S. The Old Pueblo Red<o Club of Tucson will spon¬ 
sor the 6 th annual Labor Day Special Event Statjon W7GV f'orr 
the Ok Crural in ^embstone. A«i?ona, site of the famous 
shootout hetwe^n the Earps and the Clantons in 1801. Or new 
Novice/Tech 10 meter SSB frequencies. 0000? September 5 to 
22002 September 7 For m0 re information contact Bill Croghan, 
WB0KSW, 1854 W Oominv Street, Tucson, AZ 857)3. (602l 
S22-1535. 


August 29: The Anri warn Radio Association will operate spe¬ 
cial event station W3CWC to celebrate the ?5th anniversary of 
the dub. 80.40.20,15 and 10 meters phone, CWand RT~Y. For 
a commemorative certificate send QSL and legal SASE to Spe¬ 
cial Everts Station W3CWC, Antietam Radio Association Inc , 
POB 52, Hagerstown. MD 21741. 


*$£ CHARGE 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 


HAM DATA 

C-64 Software 


SUPER LOG 

Super iop gives you a U the advantages of a com¬ 
puterised data base without significantly changing the 
traditional log format For contested. Super Log can 
be configured 10 either manually or automatically 
enter contact number as well as time of contact. 

Make an error and you car easily go back and edit 
the entry. Super Log also allows you to print out 
either selected contents or the whole log Will print | 
OSls. 

IIHO-SL (For C-64) $19.95 1 

CONTEST LOG 

This disk contains four different contest programs; 
ARRL Sweepstakes. Field Oay, Universal WW Contest 
Jog plus a dupe checking ratine Each program is 
designed tor real time use tt automatically enters 
dale, lime band and serial number for each contact. 

A 247ms dock is topped at toe top *>1 toe VD7 
screen When the contest f$ over, the program will 
print your results listing all duped and scored con¬ 
tacts in serial sequence with af! the necessary inf or 
mation as well as completed score at the bottom of 
the page. 

[ IHO-CL (For c 64) $24.95 

MASTER LOG 

Over thiee years of development went into this pro¬ 
gram It creates a file ot 2100 individual records 
with up to 13 different entries per record. Master 
Log can do a search and select based upon time, 
frequency, mode or any of the other variable 
parameters 11 keeps hack pf DXCC and WAS status, 
prints GSl labels and can search its whole file in 
less than 5 seconds’ Complete documentation is 
included to help you team and use this fzuely slate 
ot-the-art logging program 

::HD-ML (for C 64) $28.95 

Tfg Plawa encloie S3.50 for shipping 40 

RADIO'S 


V jr i w \ 

Al L* 


GREENVILLE, NH 03040 


603-070 144 T 


N&U7 B CrcJu 

ARRL OPERATING MANUAL 

This book has been complelefy revised and up-dated’ 
Ove r 600 pages a r e crammed fufc of the information 
every ham should have a! their fingertips In addition 
to message handling, emergency operating repeaters 
and contesting, this book includes sections wntten 
by notec DX ers W9KNI and WB4ZMH, a new sect on 
or packet radio and over 60 pages m fuh color 
describing operating awards from around the wodd 
■- • 1987 688 pages 

I IAR-QG Softbound $14.95 

TRANSMISSION LINE TRANSFORMERS 

bv Jerry Scvick. W2FMI 

I Contains a complete explanation and discussion pf 
transmission line transformers and hpw to use them 
Written by one ol the expe'ts m *he held—this book 
is tul ot liefptui information ^987 1st Edi’ion 
144 pages 

AR TLX Soltbound 59 95 

THE BUYER S GUIDE TO AMATEUR 
RADIO by Angus McKenzie. G3QSS 
All currently available radios are reviewed 

This new book horn the RS6R s an invaluable aid in 
evaJuafing v/hrch radio best suds your persona) caer 
ating needs Author McKenzie spent hundreds of hours 
testing and measuring each radio's operating para¬ 
meters-ever '0.000 measurements and 500 analyzer 
plots were made Equipment was also subjected :o many 
hou's of on-the air testing by hams throughout the UK 
and a ound the world There are more than IDO lull equip¬ 
ment reviews and near y 100 more produds with brief 
reviews. 1 1986 472 pages 
. iRS-fiG Soltbound $11 95 

TUNE IN THE WORLD WITH HAM RA¬ 
DIO by ARRL Staff 

NOW INCLUDES TWO C-90 CODE STUDY TAPES’ 

This package has been 'evised to cover new digital 
& voice Movice requirements and contains THE 
goodies needed by the beginner to get started m 
Amateur Radio Assuming that you have no prior 
k n ow'edge of radio the reader -s taught how to pass 
the Novice exam, both code and theory, and how to 
set up a station Unique code study method makes 
learning the Morse code easy as 1-2-3. Ard il T s lull 
of illustrations to nelp clahfy difficult technical 
pomfs 160 pages -V 1987 7ih edition 
i >AR HR Softbound $14 95 

1987 88 ARRL REPEALER OfftECTOflV 

* Fils in your shirt pocket 3'A" x 5 l V 
♦ Over 1? 000 listings from 28 MH2 to 10 GHz 
• Latest info on ail repeaters 
• Now includes digijpeateis 
Also includes CTCSS (PL) tone chart. VHF/UHF and 
Repeater Advisory committee addresses, soccial 
mode repeaters (pac<et and ATV) band plans, 
repeater operating practices. ARRL frecuency Co¬ 
ordinators, and Spec.ai Service Clubs 
AR-RD87 Softbound $4 DO 

MORSE CODE TRAINER (for the Apple II) 

by David Fahnestock 

This new program turns your Apple ll mio a co*" 
piete 5-25 wpm code trainer You car conliyure ‘he 
p/og/am to peoe/ate random code groups, bans mi I 
letters from the keyboard ir learning mode and out¬ 
put to either the computers speaker or ro a cassette 
tape recorder. Elegant in its simplicity and a great 
value to either students or new hams looking to im¬ 
prove their code proficiency. 1986 
: jHH-MCT (Apple 11) Introductory price $9.95 


ENGLISH SHORTWAVE BROADCASTS 

(MS-DOS) by Tom Sundstrom, W2XQ 

Here's a new two disk MS-COS program and 
database that provides you with one ol the most 
thorough listings of English shortwave broadcasts 
available Allows you to search by lime, frequency or 
by country and p r int your findings A quarterly up 
date is available tron the author tor |ust $6 includ¬ 
ing stopping. Super value to SWL’s and Hams akke 
Shou'd sell for many limes more what is being charged 
Up dated regularly—latest version wiif be shipped 
TS SWl (MS-DOS) S19.95 

Please enclose $3.50 shipping & handling 

ham radio BOOKSTORE 5 

GREENVILLE, NH 03048 603-878-1441 
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formulas for building antennas in many 
handbooks; just drop a note or post¬ 
card to ham radio's Bookstore and ask 
for a catalog. 

An increase in coverage that's espe¬ 
cially useful for simplex operation can 
be obtained by using an antenna that's 
larger in terms of wavelength; a half¬ 
wave 220-MHz antenna is only seven 
inches longer than a quarter-wave 
whip for 144 MHz, and has more gain 
and a better angle of radiation from a 
car-top location. A 5/8-wave antenna 
element for 223 MHz is approximately 
33 inches long, compared with 50 
inches for 146 MHz. This difference in 
size isn't visible in most mobile anten¬ 
nas because a loading coil in the base 
of the antenna allows a shorter 2-meter 
radiator to perform as if it were 5/8- 
wavelength; it will be apparent, how¬ 
ever, in home-station antennas such as 
multi-section verticals or ground-plane 
types with 5/8-wave vertical radiators. 

A neat 2-meter antenna was 
described in Bill Orr's column in the 


May, 1987 issue of ham radio (see 
page 55). A few minutes with a calcu¬ 
lator produced some dimensions that 
will let you adapt the 2-meter design 
for 220 MHz; see fig. 1. Note that 
neither version has elements that are 
exactly one-quarter or one-half of a 
free-space wavelength. A quarter- 
wave in space at 144 MHz is approxi¬ 
mately 20 inches; at 223 MHz, it's 
approximately 13.2 inches. When you 
allow for the capacitive loading at the 
end of the elements, the coupling to 
the wire mesh "sleeves," and the 
dielectric effects of the PVC tubing, 
the element dimensions get shorter. 

distances 

The normal operating range of sta¬ 
tions on the 220-MHz band is amazing¬ 
ly close to what can be expected on 
2 meters. Well-located repeaters with 
good antennas can provide coverage 
that's virtually identical to 144 MHz. 
And because of the short space a 
wavelength occupies, peaks and nulls 
in signal strength experienced by sta¬ 
tions in motion in urban or weak-signal 
areas aren't as bothersome at 220 as 
they might be at 144 MHz. There's also 
more "fill" of shadowed areas because 
of the slightly increased reflectivity of 
many materials at 220 MHz — but by 
the same token, many materials absorb 
220 MHz more readily, thus causing 
some signal loss. 

the ins and outs of 

repeaters 

Band plans allow orderly occupancy 
of our sometimes crowded VHF spec¬ 
trum and provide a basis for compati¬ 
bility among various makes of fm 
transceivers and the repeaters through 
which they work. There's been a band 
plan for 220 ever since repeaters be¬ 
gan appearing in VHF circles. Rather 
than use a lot of space to reproduce 
the entire 220-MHz band plan here, I'll 
just make a few comments about it. 

The separation between a 220-MHz 
repeater's input and output frequen¬ 
cies is 1.6 MHz. When you transmit on 
223.10 MHz from your mobile or hand¬ 
held rig, the repeater retransmits your 
signal on 224.70 MHz; this higher fre¬ 


quency is where your receiver is listen¬ 
ing. Don't worry about 224.70 being 
out of the Novice "band") this type of 
operation is authorized by the FCC. At 
223.10, your transmitter is operating 
within the limits of the Novice sub¬ 
band, which is what counts. (Novices 
beware: be sure that you never trans¬ 
mit " direct " on the repeater's output 
frequency. Never use the "reverse" or 
"inverted" mode of operation that's 
available on many current rigs.) 

The band plan allows for 20 kHz be¬ 
tween each repeater input; for exam¬ 
ple, 223.02, 223.04, 223.06, and so on. 
Each input has its corresponding out¬ 
put 1.6 MHz higher. There are a few 
"gotcha's," though. In some areas, 
223.4 is designated as an input fre¬ 
quency. But if you add 1.6 to 223.4, 
you get 225.0. Obviously, you can't 
have a repeater output on the very 
edge of the band, so watch out for 
that one. In some areas, repeater input 
and output frequencies are reversed by 
local agreement; this usually means 
that the input is somewhere near the 
current input range, but the output of 
the repeater is 1.6 MHz tower. 

Many simplex frequencies have been 
agreed upon, starting at 223.40 or 
223.42 MHz and occurring every 20 
kHz up to 223.88 or 223.90 MHz. Many 
stations use 223.50 MHz as a calling 
frequency to establish initial contact, 
then move to another simplex channel 
for a QSO. 

This arrangement of repeater fre¬ 
quencies and simplex channels could 
change, however. Novices will no 
doubt want to use other modes such 
as CW, SSB, or packet in their seg¬ 
ment of 220 MHz, and some changes 
will have to be worked out to accom¬ 
modate them. I'll keep you abreast of 
changes in this column. For a listing 
of current repeaters and band plans on 
220 MHz (and others), try The ARRL 
Repeater Directory — a neat, pocket- 
sized little guide that's been a best¬ 
seller everywhere. Again, ham radio's 
Bookstore has it. 

For any of you who'd like to exer¬ 
cise your computer, fig. 2 shows a 
short program that will generate a print¬ 
out of common repeater and simplex 
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5 LPRINT ’'REPEATER AND SIMPLEX FREQUENCIES" 

!0 LPRINT "IN THE 220-MHz BAND" 

15 LPRINT 

20 A-222.28 
30 B-224.98 
40 1=0 

50 FOR 1=1 TO 150 STEP 1 

60 A = A + .02 

65 A = INT(A*100)/100 

70 IF A<223.4 THEN PRINT A;"INPUT":LPRINT A;"INPUT’’ 

75 IF A<223.9 AND A=>223.4 THEN PRINT A;"SIMPLEX":LPRINT A;"SIMPLEX" 
80 IF A = <225 AND A = >223.9 THEN PRINT A; ”OUTPUT":LPRlNT A;"OUTPUT’' 

85 IF A = B THEN 100 
90 NEXT 
100 END 

fig, 2, This short program generates a printout of common repeater and simplex fre 
quencies on 220 MHz. 
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TURBO PC-XT 

COMPATIBLE 

• 4.77-8 Mhz 

• 266K Ram (to 640) 

• 360K DD w/Controlier 

• Mono monitor 

• Monitor card 

• AT/XT Keyboard 

• 150 Watt P/S 


! a £ z MAft ro.- 

World Data Enterprises 

: £ « 3 P.O. Box 652737 

§gO Miami, FL 33205 

i (305) 5S1-4023 

* a w Call for Free Brochure 

h ® »- 20 mg ST225 w/cont. 

t iS $325.00 

° 30 mg ST238 w/cont. 

‘with coupon *455.00 

without coupon $599.00 114 

OFFER EXPIRES 8/31/87 
Offer only on Turbo XT System 


frequencies on 220 MHz. I've found 
that it works without line 65 on the 
Radio Shack TRS-80® Model III and 
their PC-5 Pocket Scientific Computer. 
When used on an IBM PC® or com¬ 
patible, however, the algorithm used 
in the computer causes it to 'round 
up/' which adds two extra decimal 
places! Line 65 takes care of that 
glitch. I haven't tried it on other com¬ 
puters, but it's a simple BASIC pro¬ 
gram that should be easy to translate. 
The printout will be approximately 
2-1/2 pages long. 

ham radio 


short circuit 
novice privileges 

Because of a profusion of announce¬ 
ments early in the Novice Enhance¬ 
ment program, I used information 
about Novice privileges on the IO¬ 
meter band from a bulletin that was 
erroneous and missed a later correc¬ 
tion. As a result, the information 
depicted in fig. 1 of the June, 1987 
column (page 95) is incorrect. 

The correct Novice 10-meter modes 
and segments are: CW and digital, 
28.1 to 28.3 MHz; CW and voice, 28.3 
to 28.5 MHz. - W1SL 


BRAND NAME DISKS 

5.25" DS, DO, SOFT SECT 

BY BOX 1-19 20.49 50 UR 


MAXELL .95 90 .86 

NASHUA .70 65 .60 

3M 1.25 1 20 1 16 

DYSAN 2.00 1.96 1.91 

VERBATIM 1.09 1.02 98 

X/0EX .62 58 .55 

- PRICE PER DISK - 

BULK DISKS 5.25 DSDD-RH 

_ 20 50*400 420-1000 


DSDO .40 .36 .37 

LIBRARY CASE -HOLDS 10 DISKS. 1,99 

QVS FILE BOX -HOLDS 75 DISKS ... 8.50 

FLIP-N-FILE BOX -HOLDS 100 DISKS .. 15.95 

CALL FOR FREE BROCHURE 
OF MORE COMPUTER SUPPLIES 
(305)551-4023 

HOURS; 10 AM -7 PM EST 
Mall to: World Data Enterprises 

P.O. Box 652737, Miami, FL 33205 


Uncle Bill’s Commodore C-64 Computer Software 

by Bill Clarke WA4BLC 


CODE COURSE 

This computer program is broken into 
three user friendly parts Part one in¬ 
troduces to the beginner the different 
morse characters. The student simply 
presses a key and the character is 
sent and displayed on the screen Part 
two generates the morse character 
and the student is required to press 
the correct key on the computer If 
the student answers incorrectly, the 
character is automatically resent. Part 
three sends morse characters in ran¬ 
dom groups of five. The student can 
tailor what is sent to their particular 
needs; numbers only, letters only or a 
combination of both Speeds are from 
5 to 20 groups per minute T he com¬ 
puter can also be configured to send 
the Farnsworth method {high speed/ 
slow spacing code.) V 2.2 

UB DC (For C-64) $9.95 


ham __ 
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KODE MASTER (tor Novice, 
General or Extra Class students) 

Prepare for your next code exam 
using computer generated QSOs Each 
Q50 contains callsigns, names. QTH’s 
equipment Info plus many of the other 
exchanges commonly found in Ham 
QSO’s. QSO’s can be displayed on the 
screen by one character at a time, by 
each sentence or after the completion 
of the QSO for checking. With a 
printer you can print out a hard copy 
Available in 5 wpm for Novices. 13 
wpm for Generals and 20 wpm for 
Extra class students. 

I IUB-KN Novice Class {for C-64)$14.95 
i UBKG (for C-64) $14.95 

i iUB-KE Extra Class (for C-64) $14 95 


ANTENNA SYSTEM 

This nifty antenna modeling and 
development program will help you get 
the most from your antenna projects 
while eliminating much of the drudgery 
of antenna calculations Part one 
covers standard design antennas— 
dipoles, verticals and Yagi designs. 

Part two designs shortened dipole an¬ 
tennas for space limited hams Great 
for shortened 160/80 meter antennas. 
All dimensions are listed. At this price 
it’s not an engineering program but a 
neat program to have around 

/ jIIB-AS (for C-64) $9.95 


Please enclose $3.50 shipping & handling 
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RADIO AMATEUR CALLBOOK 
SUPPLEMENT 

(both NA and International calls) 

Invaluable operating aid to all classes 
of Radio Amateur Includes all calls 
issued since publication of the 1987 
edition of the North American and in¬ 
ternational editions The ONLY way to 
be fully up-to-date is to have the Call- 
book supplement in your shack 296 
pages ® 1987 

I iCB-SUP 87 Sottbound $9 95 
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REFLECTIONS 


a sentimental technocrat speaks 

Thanks to the rapid evolution of electronic technology, Amateur Radio has seen significant changes 
during the past few years. While many of us fully endorse this advancement of the radio art, some of us 
are hopelessly sentimental technocrats who sense, over time, a qualitative change for the worse. 

Therefore, I hereby submit my opinions on a wide range of issues confronting Amateur Radio. You won't 
find any engineering measurements, quantified results, or empirical thinking — just unabashed emotional¬ 
ism. Some of it might be totally wrong. But that's OK — this is a guest editorial, not a technical article. 
Besides, there comes a time when a guy's got to say what he really thinks! 

I've divided my list of issues into two parts: the stuff I don't like and the stuff I do like. "Stuff," by 
the way, can be anything. Nothing is too sacred for scrutiny. 

/ really don't like: 

PLL synthesizers, radios with memories, plastic cabinets, RCA jacks, circuit boards that disintegrate when 
they're touched, aluminum capacitors, fm, antenna traps, monolithic radios, on-board rf white noise gener¬ 
ators (i.e., microprocessors), cable TV connectors, computer-generated QSL cards, articles that prove Yagis 
better than quads (even if they're right), FCC dockets {that's right — all of them), the Woodpecker, con¬ 
sumer electronics (Have you listened to your high-tech digital readout clock radio lately? I bought one be¬ 
cause I like to wake up to music rather than a buzzer. But with my clock radio, I can't tell the difference!), 
multiple-choice code exams, profanity on the air, anti-antenna ordinances, cable TV "installation" charges, 
the technical quality of cable TV, fm stereo separation on cable systems, cable TV customer service, 2-meter 
video channels on cable systems, anything with 75-ohm impedance, disassociation of call districts, lamp 
dimmers, and the notion that the electromagnetic spectrum exists exclusively for commercial use. 

On the other hand, I really do like: 

Station logs, any radio component made from ceramic, glass, copper, or silver; oil-filled capacitors (toxic 
or not), vacuum variable capacitors, open-wire transmission lines, wire beam antennas {double extended 
zepps, stacked, phased, and fed with open-wire line), old QSL cards, old "How's DX?" columns {the kind 
with the grass-thatched shack, palm tree, and precarious dipole . . . where did the romance go?), Jeeves 
cartoons, the old smaller-si 2 ed ham radio and QST magazines (In high school I could hide them under 
my history book. How can kids hide them nowadays?); old E. F. Johnson, National, Collins, and Ham- 
marlund radios; new radios built for radio performance, front panels that look like they belong on radios 
instead of computers, moonbounce, really big quads, astronomically large parabolas, computerized RTTY 
{Here's where a computer in the shack makes sense. Remember those noisy old electromechanical clunkers?), 
anything homebrew, GaAs LNAs, prop-pitch motors, PTO oscillators, houses built around the ham shack, 
XYLs who really do understand, kids who don't sneak ham magazines into history class, tubes, FETs {they're 
more like tubes than bipolars), volunteer examinations {taking the old exams was like visiting the Spanish 
Inquisition), mountain-top QTHs, analog clocks in the shack (especially the 24-hour brass ship's clocks 
with chimes), multicolored great circle maps not centered on Kansas (somebody in Kansas sure has a lot 
of clout), Silicon Valley and New York-area surplus dealers, very expensive linear amplifiers, high-dynamic 
range anything, low-noise anything, high-gain anything, anything simple yet adequate, anything slightly 
more complicated yet outstanding, two miles of buried No. 8 copper wire, full-size 160-meter antennas 
(they work on 80 as well), antennas too high for W2PV, receivers that confound W7Z0I (I'm still waiting 
for that day), my copy of Terman's Radio Engineer's Handbook, the W6GO QSL list, W6SAI's columns 
(he really likes tubes), ham dealers who sell used parts (good stuff, cheap), big heavy rigs with rf ammeters, 
Smith charts, swap meets (lots of good stuff, cheap), and finally, magazines crazy enough to publish this. 

Robert J. Zavrel, Jr., W7SX 
Tucson, Arizona 
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code tests 

The following is a copy of a letter 
addressed* to the FCC by 114 G. 
Welsh, who kindly shared* it with 
us, — Ed. 

I am pleased that you separated 
Technician and General written exam¬ 
ination material. I had suggested this 
step in two previous letters I wrote to 
you about 30 years ago. I hope you will 
continue this trend and separate code 
tests. At present. Novice and Techni¬ 
cian applicants must pass element 1-A, 
which is 5 WPM. At present, General 
and Advanced applicants must pass 
element 1-B, which is 13 WPM. The 
Extra Class requirement is element 1-C 
at 20 WPM. 

I believe a separate code test re¬ 
quirement is appropriate for each class 
of license. I think the code test speeds 
would be appropriate at 4 (Novice), 8 
(Technician), 12 (General), 16 (Ad¬ 
vanced), and 20 (Extra Class). 

Most beginning Novices send code 
about (at] 3 WPM. A code test at 4 
WPM is more appropriate to their ini¬ 
tial needs. The receiving test should be 
restored to forward-reading plain lan¬ 
guage text that just includes letters. 
Punctuation marks, numerals, and 
work signs were previously restricted 
to the sending test, which should still 
be suitable. The international require¬ 
ment is that all applications for 
Amateur Radio operator licenses, that 
involve operating privileges below 30 
MHz, must prove their ability to 
receive (by ear) and to send (by hand) 
the International Morse Code. I believe 


that this requirement can be met more 
easily at the Novice level than in the 
VEC (Technician through Extra Class) 
test program. 

The jump from 5 to 13 WPM is dras¬ 
tic. Allowing candidates to move up in 
increments of 4 WPM should be bene¬ 
ficial. The proposed 8 and 12 WPM 
Technician and General code test re¬ 
quirements should help increase up¬ 
grades. 

Similarly, the difference between 13 
and 20 WPM is pronounced. The pro¬ 
posed 16 WPM Advanced code test 
requirement would be more conducive 
to upgrading to the 20-WPM Extra 
Class requirement. 

Each step up in license grade entails 
increased operating spectrum where¬ 
in code may be used. It seems reason¬ 
able that the associated code test 
speed requirements should be separate 
and evenly stepped from the lowest to 
the highest license. 

I have conducted Amateur Radio 
operator licensing courses every year 
since 1948. I am very active helping 
students. I know their problems and 
needs. 

I hope you will give this matter 
prompt attention. 

William G. Welsh, W6DDB, 

Burbank, California 91504-3297. 


KLM balun 

Dear HR: 

Over the past year there it has been 
stated that some of our antennas (the 
11X, 13LBA, and 16 LBX for 2 meters 
and the 14X and 22LBX for 220 MHz) 
had extremely high VSWR because 
the baluns were of the wrong length. 
These antennas are very sensitive; 
their leads must be as short as possible 
and balanced. 

To remove any possibility of con¬ 


necting the antennas improperly, we 
have developed a connector that is be¬ 
ing supplied on all new antennas. In 
addition, anyone who has one of the 
antennas identified above may call us, 
toll-free, at 1-800-538-2140 (outside 
California) or 408-779-7363 (collect, 
from within California), and well be 
happy to send a connector free of 
charge. 

W.M. Scott 
Mirage/KLM Communications 

Equipment, Inc. 

P.O. Box 1000 
Morgan Hill, California 95037 


novice calling 
frequency 

Dear HR: 

The 10-meter Novice band still 
needs an easy-to-remember calling fre¬ 
quency. I suggest making 28.1010 
MHz the Novice 10-meter calling fre¬ 
quency. So, get in 28.1010 and give a 
call! 

Henry Hampel, KA0TUP, St. 

Louis, Missouri 63116 


elmers at work 

Dear HR: 

Received my ham radio today and 
as usual found some interesting read¬ 
ing. I think your new column, "Elmer's 
Notebook," by Tom McMullen, 
W1SL, can become a very useful part 
of the magazine, depending upon how 
it's handled. 

We've established an Elmer commit¬ 
tee in our club. Committee members 
are available to help out new Novices, 
and the committee has a supply of 
equipment to lend to the new hams 
until they can get some of their own. 

In checking back on about 100 
Novices licensed in the past several 
years, we found that may of them 
never became active. By actively work¬ 
ing with new Novices as they become 
licensed, perhaps we'll be able to keep 
them interested. 

George A. Diehl 
Chatham, New Jersey 07928-1179 
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design a no-tune amplifier 

with your personal computer 


Try a broadband approach 
for instantaneous coverage 

When a friend asked how a no-tune amplifier is 
designed, I had to say I really didn't know. It seemed, 
at the time, that if one were to use a low-Q circuit to 
convert the calculated plate load impedance to some 
other value — say 50 ohms — and then follow it with 
a symmetrical multi-section low-pass filter for that im¬ 
pedance, a semblance of a "no-tune” amplifier could 
be designed. Because some circuit analysis would 
appear to be necessary, it occurred to me that a per¬ 
sonal computer could be an important tool in such a 
project. 

To be truly "no-tune," an amplifier should be cap¬ 
able of operating over its intended range without be¬ 
ing retuned; that is, its efficiency and power output 
should not be degraded. An rf power amplifier must 
have a tank circuit of sufficient Q to maintain a sinusoi¬ 
dal voltage on the plate, but the broadband require¬ 
ment would seem to be a tank of low Q. There are 
economic factors to consider (how many compo¬ 
nents? what quality?) and, as it developed, questions 
about how many unknown currents would have to be 
calculated; this has a direct bearing on the complex¬ 
ity of the calculations. 

The design described here developed from the origi¬ 
nal assumptions of a low-Q tank followed by a 
Chebyshev five-element low-pass filter. Partial circuits 
are shown in figs. 1A and IB. 


I tank design 

Two obvious possibilities for the tank design are 
Pi-section and L-section tank circuits. In the former, 
Q is selectable (down to some minimum value), and 
in the latter, it usually isn't. Because the no-tune con¬ 
cept requires a lower Q, and because there's one less 
component, the L-section was chosen. This particu¬ 
lar design is based on an amplifier with two 3-500Zs 
whose plate load resistance has been calculated as 
2080 ohms. The design center frequency is 14.2 MHz. 
The amplifier also has plug-in tank and filter circuits 
(shades of World War II!), but that bears little on the 
design calculations. 

L-section calculations 

The algebraic equations for the tank circuit design, 
available from several sources, 1 are: 

X L = V/?7 • R2 -R2*, and 
X c = (-R1 • R2) / XJ for Rl> R2 

A small BASIC program for computing the values 
is provided in fig. 2. Although Q isn't mentioned in 
the program, it can be calculated easily in this case by: 

Q = X L / R2 = 318,6/50 = 6372 

The value calculated is adequately low for our pur¬ 
poses, but too low to be used without some kind of 
a follow-up filter; one wouldn't build an amplifier with 
only these characteristics, however. Figure 3 shows 
the values of Q for L-sections that convert to 50 ohms. 
Coincidentally, they're the minimum values obtaina¬ 
ble with the Pi-section. 

By W. J. Byron, W7DHD, P.O. Box 2789, 
Sedona, Arizona 86336 
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the low-pass filter 

Low-pass filters can be designed either from scratch 
or from tables produced by others. 2 The first filter 



fig, 1A. Basic matching circuit: the L-section on the left 
transforms 2080 to 50 ohms; the symmetrical low-pass 
filter on the right operates at 50 ohms input and output, 
and has a cut-off frequency of 16.38 MHz. 


R LI *L l +■ LI (FILTER) L3 L5 

2060 4.009„H 09?4„H 0.43rr^H 



fig. IB, Basic matching circuit: inductances L l and LI 
are combined into a new inductance, LI. The four loop 
currents used in deriving the equations in the text are 
shown with their orientation. 


selected has the following characteristics: 

f (-3 dB): 1.638 MHz 

f(-20 dB): 2.349 MHz 

f(-50 dB): 4.48 MHz 

LI, L5 (pH): 4.377 

C2,C4 (pF): 3300 

L3 (/zH): 9.747 

These numbers represent the values necessary for 
the listed frequencies. The table from which this filter 
came lists filters designed around "standard-value" 
components — in this case, the 3300-pF capacitors. 
As a result of this compromise, the VSWR of the net¬ 
work terminated by 50 ohms will be 1.06. The com¬ 
ponent values for a 10X increase in frequency will be 
one tenth of the values shown for the capacitors and 
inductances. The latter values were used for the first 
investigation. Another filter was designed from scratch 
(with the aid of the W1JR/WA1GRC CAD program 3 ); 
the results are also presented here. It was selected to 
have the same 16.38-MHz cutoff as the filter above. 
Both have the Chebyshev response. 

The amplifier's performance can be simulated by 
actually calculating all the voltages and currents 
around the circuit. The combination of the L-section 
and five-element filter plus the 50-ohm terminating 
resistor makes a four-unknown set of equations. 
Power output is R2»l 4 2 . The plate voltage is indicat- 


10 REM R1 MUST BE LARGER THAN R2 

2 0 INPUT "ENTER THE LARGER RES ISTANCE" ;R1 

3 0 INPUT "ENTER THE SMALLER RES ISTANCE";R2:PRINT 
40 XL = SQR<R1*R2-R2"2) 

50 XC = -<R1*R2>/XL 

60 PRINT "XL = ";XLj" Ohms, and"" XC = ";XC; " Ohms":PRINT 

70 INPUT "ENTER THE FREQUENCY IN MHZ";F:PRINT 
80 F = F*1000000! 

90 W = 2*3.14159*F 

100 PRINT "L = ";<XL/W)* 1000000! ;" Microhenrys" 

110 PRINT **C = " ;-< 1 / (W*XC> )*1E+12; " Picofarads" 

120 END 
RUN 

ENTER THE LARGER RESISTANCE? 2080 
ENTER THE SMALLER RESISTANCE? 50 

XL = 318.5906 Ohms, and XC = -326.4377 Ohms 

ENTER THE FREQUENCY IN MHZ 7 14.2 

L = 3.570797 Microhenrys 

C = 34.33459 Picofarads 

Ok 

fig. 2. BASIC program for computing L-section elements. The values shown for L and C are for the example described 
in the text. 
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ed as "E" in fig. IB. Four equations are needed to 
solve for the four currents (Kirchoffs loops require 
this). All have complex coefficients. The equations be¬ 
low are in simplified form, but theyTe the ones that 
must be solved: 

I;(R p 4 X C j) - l2(0 4 x a ) 4 fj(0 4 0) (1 A) 

4 L f (0 4 0)-(E + jOJ 

- 11(0 + X C r) + h(0 + X C i 4 X L i 4 X C2 ) (IB) 
- 1 3 (0 4 X C2 ) 4 1 4 (0 4 0) = (0 +j0) 

11(0 4 0) - 1 2 (0 4 X(32) 4 l 3 (0+ Xc 2 4 A/j (1C) 

+ X C a) ~ l<i(0 + Xc4> ~(0 +j0) 


If (0 4 0) 4 li(0+0) — Ij( 0 4 X(y) 
4 I 4 CR 2 T X 13 4 X( ' 4 ) - (O+jO) 


(ID) 


A short program following the simplified form above 
is used to evaluate the currents. The only real num¬ 
bers in the equations are R p/ R 2 , and E, plus the lead¬ 
ing zeros inside the parentheses. All other numbers 
are imaginary. The Xl's are intrinsically positive, and 
the X c r s are negative (Xc - j/(2?rfC). The "coeffi¬ 
cients" program is listed in fig. 4. Lines 100 through 
240 provide a listing of the reactances, which were 
useful during the design. They can be eliminated if 
desired, because the coefficients themselves are 
produced in lines 250 through 510 (including, of 
course, lines 10 through 90). An example of the out¬ 
put of the coefficients program is shown in fig. 5. 

Now the equations must be solved. One of the best 


UNADILLA 

REYCO/INLINE™ 

Amateur Antenna Baiuns 

For 20 years, preferred by Amateur, Commercial 
and Military Operators . First with built-in lightning 
arrester—minimizes TV!, maximizes power. 


% 




W2AU 1:1 & 4:1 


W2DU HF 

$19.95 


♦ 


♦ 


W2DU-VHF 

$19.95 


$17.95 $19.95 $19.95 

W2AU Broadband Ferrite Core Baiuns 

For medium power (1000 watts HF min.) and broadband operation 3-40 MHz. 

W2DU Non«Ferrlte Very High Power Baiuns 

W20U-HF (High Power) $)NADILLA V 

* 1.8-30 MHz j. SUM 

*3000-9000 watts with 1:1 antenna SWR 

* 1500-5000 watts with 2:1 antenna SWR ^ 

W20U-VHF (High Power V® 

and Extended Range) 


0* 





*30-300 MHz 

*2000-4000 watts with 1:1 antenna SWR 
* 1200-2400 watts with 2:1 antenna SWR 

W2AU 1:1 

*50 to 50 or 75 to 75 ohms n . . 

•For dipoles. Vs, beams, quads Purchase from any of over 

W2AU 4 1 300 dealers nationwide 

*200 lo 50 Of 300 to 75 ohms or order direct 

*For high impedance antennas such as lolded 
dipoles 

To request informational brochure, call 

617-475-7831 

write 

UNADILLA Div. of ANTENNA’S ETC. 

PO Box 215 BV, Andover, MA 01810-0814 

Switch All Your Antennas 
Over One Coaxial Feedline 



$20.15 

106 

12VDC 

Energizer 

(Optional) 


Antenna 1 


Antenna 2 


$35.50 

C105B 

2 Position 
On-Off Coupler 


T 


w 


#■•»,# • 

* ft 1 #. • 

• ft'« 


DC 

19 \ ! i 


RF+- 


Radio 


f HF— 

DC— 


$52.00 

105 

DC Operated 
2 Position Relay 
(inside your 
shack) 


(injects DC r uut 

onto coax) shack) 

This system operates from 1.5 to 180 MHz and handles 1250RF watts. 
Use our antenna switching kit and eliminate excess coax runs. 
With this kit and a single run of coax, you can switch between 
your antennas remotely. Use to add an antenna at modest cost, 
or change array direction. 

Other types and combinations of relays are available. 
Please call or write us for more information, and save on your 
coax runs! 

30 day MONEY BACK GUARANTEE on all products 
Unadilla/Reyco/Inline is now a Division of ANTENNA'S ETC. 
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2x4Z BASE 
REPEATER 
ANTENNA 


THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 


FREQUENCY: BROADBAND 
140-170 MHz a 

410-470 MHz I 


GAIN: 

VHF - 8.2dB 
UHF- 11.5dB 
VSWR -1.-1.2 or less 

CONNECTOR: 

N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 

WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 

CAN SIMULCAST ON 
BOTH BANDS 


10 REM t SAVED AS “CHEBS * 

20 Cl * 37«*1£-12 
30 LI » 4.009*.000001 
40 C2 * 330*1E-12 
50 L3\a .9747*.000001 
60 C4 - 330*IE-12 
70 L5 * . 436*.000 00 1 

do r i * 2 oao 

90 R2 - 50 

100 LPRINT'FREQ XCl-OHHS XL1-OHMS XC2-OHMS XL3-OHMS XC4-GHHS XL5-0H 
MS" 

110 LPRINT"_ ______ ____ __ _ __ 

120 LPRINT 

130 AS* "UN.Nil NNNN.NN NNNN.NN NNNN.NN NNNN.HN N N N H . NO « * » N . « H " 

140 FOR F *14.2 TO 14.22 STEP .02 
150 W « 2*3,14159"F«1000000' 

160 XC1 *-l/(W»Cl) 

170 XL 1 * W-Ll 
180 XC2 1/<W"C2) 

190 XL3 * W-L3 
200 XC4 =-l/(W*C4> 

210 XL5 * W*LS 

220 LPRINT USING AS ; F ,XCi,XL1,XC2, XL3,XC4, XL5 
230 NEXT F 
24 0 LPRlNT:LPRI NT 

250 LPRINT" COEFFICIENTS FOR GAUSS-JORDAN ELIMINATION- 

260 LPRI NT 

27 0 LPRlNT" REAL , I HAG REAL „ I MAG REAL . I MAG 

. I MAG** 

280 LPRI NT”__ 

290 •* nmnnr.nn.nhrn.nn mh.hh,huh.hm hhh.hh,hm.hh 

NN.hNn.hr- 

300 FOR F *14.2 TO 14.22 STEP .02 
310 W = 2*3.14159-F*100O000* 

320 XC1 =-l/(WCl> 

3 30 XL 1 * W*LI 
340 XC2 ~-l/iW*C2> 

350 XL3 * W»L3 
360 XC4 a - IM W*C4 ) 

370 XL5 * W*L5 
380 R1 * 2080* 

390 R2 * 50! 

400 A1 * m :B1 «XC1 : A2* 0 : B2 * - XC I :A3*0:B3*0:A4*0:B4=0 1 A5*3000:B5»0 
410 SI*0:T1=-XCl:S2 =0;T2“XC1♦XL1♦XC2;53=0;T3 = -XC2:S4* 0:T4 = 0•£$*0:T5*0 

4 20 UJ *0:Vi=0:U2*0:V2»-XC2 iU3*0tV 3»XC2*XL3*XC4:U4*0:V4 = -XC4:U5*0:V5*Q 
430 Yl*0:Zl=0:Y2-0:22*0:Y3*0:23*~XC4;Y4*R2;74*XC4*XL5:Y5*0;Z5*0 

440 LPR I NT" FREQUENCY * ** ;F; "MHz * 

450 LPR 1NT USING B* ; A1 . B1 . A2 . B2 . A3 . B3 , A4 . B4 , A5 . B5 
460 LPRINT USING B*; St ,T1,S2,T2.S3,T3.S4,T4,S5,T5 
470 LPRINT USING BS ; U1,V1,U2,V2.U3.V3.U4,V4,U5.V5 
480 LPRINT USING BS; Y1.2l.Y2.Z2,Y3.23.Y4.24.Y5,25 

490 LPRINT'* - - -------—---■-------*' 

500 NEXT F 
510 END 

fig. 4. BASIC program for calculating the coefficients for the Gauss-Jordan elimina¬ 
tion solutions. 


REAL , I MAG REAL 

HHH .HH.KHM.NN UN MH . 


WATERPROOF 

CONNECTING 

JOINTS 

v 

UPS SHIPPABLE 



AMATEUR SPECIAL 





1275 NORTH GROVE ST. 
ANAHEIM, ( AUK. 92806 
(714)630-4541 

C ABI E; NATCOLXJI.Z 
l \X ( 714 ) 630 - 71)24 
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The ORIGINATOR of the VHF AMP/PREAMP COMBO! 

YOU KNOW THE LUNAR NAME...NOW OWN THE BEST. 

• Solid State Amplifiers for 50,144, 220, 440 MHz • 


NEW! GaAs FET Receive Preamp Built-In! 

NEW! UHF Models of Latest Design! 

NEW! Model V2-500 for Two Meters... 

500 Watts Output in a Deluxe Package! 


See your 
dealer or call 



LJ KJ FI R 


communications a systems division 


Full line of 
separate preamps 
available 


7930 Ar jo ns Drive • San Oiego, CA 92126 • Telephone (619) 549-9555 • Telex 181747 
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FREQ 

XC1-OHMS 

XL1-OHMS 

XC2-OHMS 

XL3-OHMS 

XC4-OHMS 

XL5-OHMS 

14.20 

14.22 

-302.92 

-302.50 

357.69 
358.19 

-33.96 

-33.92 

86.96 

87.09 

-33.96 

-33.92 

39,08 
39,13 


COEFFICIENTS 

FOR GAUSS-JORDAN ELIMINATION 





REAL 

I MAG 

REAL , IMAG 

REAL , 

IMAG 

REAL , 

IMAG 

REAL , 

IMAG 

FREQUENCY 

® 14.2 MHz 








2080.00, 

-302.92 

0.00,302.92 

0.00, 

0.00 

0.00, 

0.00 

3000.00, 

0.00 

0.00, 

302.92 

0.00, 20.80 

0.00, 

33.96 

0.00, 

0.00 

0.00, 

0.00 

0.00, 

0.00 

0.00, 33.96 

0.00, 

19.04 

0.00, 

33.96 

0.00, 

0.00 

0.00, 

0.00 

0.00, 0.00 

0.00, 

33.96 

50.00. 

5.11 

0.00, 

0.00 

FREQUENCY 

= 14.22 MHz 







2080.00, 

-302.50 

0.00,302.50 

0.00, 

0.00 

0 

• 

0 

0 

0.00 

3000.00, 

0.00 

0.00, 

302.50 

0.00, 21.78 

0.00, 

33.92 

0.00, 

0.00 

0.00, 

0.00 

0.00, 

0.00 

0.00, 33.92 

0.00, 

19.25 

0.00, 

33.92 

0.00, 

0.00 

0.00, 

0.00 

0.00, 0.00 

0.00, 

33.92 

50.00, 

5.22 

0.00, 

0.00 


flfl. 5. Sample of the output of the "Coefficients'' program. The solution is for two frequencies, 14.2 and 14.22 MHz. The 
reactances are above, and the coefficients are below. 


techniques available is known as the Gauss-Jordan 
elimination. The main program, listed in fig. 6 , is taken 
from what is probably the best source of scientific and 
engineering programs currently available . 4 Its input re¬ 
quires that the coefficients be entered in order; the 
first real number of the first equation (R p in this case) 
through the imaginary component of the last constant 
(jO of the right-hand side of the equation for I 4 . 

solving the problem 

The first attempt was to use the values for the cal¬ 
culated L-section above, followed by the filter from 
reference 2. Because the L-section has an inductor as 
the output and the filter was selected to have an in¬ 
ductor as an input element (one can also choose a filter 
with a capacitive input), these were combined into one 
inductor (see fig. IB). With the values so determined, 
they were typed into the coefficients program. It will 
yield pages of coefficients, depending on the range 
and increments (steps) one chooses in the FOR-NEXT 
loops. 

As it turned out, although an amplifier constructed 
around these components would have worked moder¬ 
ately well, it would show the effects of the com¬ 
promises in the filter designed around standard values. 
By sweeping the frequency, it was easy to see that 
the L-section capacitor was too small. Nevertheless, 
the capacitor would have delivered 90 percent of the 
power delivered by the matched L-section alone. The 
next step was to "tune" Cl by modifying the coeffi¬ 
cients program to fix the frequency at 14.2 MHz, and 


then vary the value of Cl. The results of this are shown 
in fig. 7. The output follows the typical resonance re¬ 
sponse, just as if the capacitor were tuned by hand 
in a real amplifier. From this plot, it's evident that the 
value for Cl should be changed from 34 to 37 pF. The 
results are shown in fig. 8 ; also shown is the response 
of an L-section and filter designed for that use, with 
exact-size components employed. 

The output of the Gauss-Jordan routine, an example 
of which is shown in fig. 9, gives currents in both polar 
and Cartesian coordinates. The "magnitude" is the 
same as a scalar value. If it appears as, say, the cur¬ 
rent in R2, there's no complication; use it as it stands. 
If it's necessary to know what current is flowing in C2, 
however, one must take the vector difference between 
the two currents flowing in "opposite" directions 
through C2. The source voltage for these problems 
is arbitrary; I've specified it as E + jO. All other listed 
phase angles are referenced to that voltage. They're 
important only when the design requirement might be 
a specific phase angle. Here it's not a design criterion 
— but as described above, the phase angles must be 
considered when determining the ratings of compo¬ 
nents used in the amplifier. 

sizing components 

The curves of fig. 7 were calculated by assuming 
an ac plate voltage of 3000. The power outputs were 
between 900 and 1100 watts. It requires just over 3500 
volts to achieve 1500 watts output. When 3500 + j0 
is used for the input to the program, I 4 reaches 5.39 
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fig. 6. The Gauss-Jordan eiimination routine in BASIC. (Reproduced from BASIC 
Programs for Scientists and Engineers, by Alan R. Miller, copyright 1982, SYBEX. Inc., 
Alameda, California 94501. All rights reserved.} 

10 REM SIMULTANEOUS SOLUTION OF COMPLEX EQUATIONS 
20 REM BY THE GAUSS-JORDAN ELIMINATION TECNIQUE * 

30 REM * 

40 A$ = M *« . M 

50 BS = " = **.«**“—" 

60 C$ = M **.***** **.***** **.«***« »**.****«'■ 

70 Ml% = 8 

80 DIM Z(8),A<8,8),C1(8),W(8,1) t B<8,8),I2%<8,3) 

90 DIM D4(4,4),D5(4,4),V(4,2) 

100 P8 = 180! /3.14159 
110 REM 
120 REM 
1 3 0* REM 

140 GOSUB 410:REM INPUT ROUTINE 

ISO GOSUB 790: REM GAUSS-JORDAN ROUTINE 

160 REM 

170 IF <N1%>5> THEN 250 

180 PRINT " MATRIX CONSTANTS" 

190 FOR 1% = 1 TO Nl% 

200 FOR J% = 1 TO N2% 

210 PRINT USING A$;A<I%,J%); 

220 NEXT J% 

230 PRINT USING BS ; Z(I%) 

240 NEXT 1% 

250 PRINT 

260 IF <E1% = 1) THEN 400 

270 PRINT" REAL IMAGINARY MAGNITUDE ANGLE" 

280 PRINT 

290 FOR IX = 1 TO N2%/2 


490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

610 


THEN 400 


IMAGINARY 


MAGNITUDE 


ANGLE" 


300 

310 

320 

330 

340 

350 

360 


290 FOR IX = 1 TO N2%/2 
300 J% = 2*1% - 1 

310 R2 = C1<J%> 

320 16 = Cl(J% + 1) 

330 M3 = SQR(R2*R2+I6*I6> 

340 IF (R2>0) THEN A1 = ATN(I6/R2)*P8 
350 IF ( R2 = 0) THEN A1 = SGN(I6)*90 
360 IF <R2<0> THEN A1 - ATN<I6/R2)*P8 +180 
370 PRINT USING CS;R2.I 6,M3,A1 
380 NEXT 1% 

390 PRINT 

400 GOTO 140: REM NEXT SET OF EQUATIONS 
410 REM 

420 REM INPUT DATA 
430 REM 

440 INPUT" HOW MANY EQUATIONS";N1% 

450 IF(N1%> <Ml%/2>) THEN 440 
460 IF(Nl%<2) THEN 1880 
470 N2% = Nl% 

480 FOR IX = 1 TO Nl% 

490 PRINT "EQUATION";1% 

500 K% = 0 

510 L% = 2*1% - 1 

520 FOR J% = 1 TO Nl% 

530 K% = K% + 1 

540 PRINT"REAL ";J%," 

550 INPUT D4(1%,J%) 

560 A(L%,K%) = D4(1%,J%) 

570 A(L% + 1,K%+1> = D4(I%,J%> 

580 K% = K% + 1 

590 PRINT"IMAG ";J%;" "; 

600 INPUT D5<I%,J%) 

610 A(L%,K%) = —D5(I%,J%) 



The "Flying Horse" 
sets the standards 

Continuing a 67 year tradition* we bring 
you three new Callbooks for 1988. 

The North American Cailbook lists the calls, 
names, and address Information for 478,000 
licensed radio amateurs In all countries of 
North America, from Canada to Panama 
Including Greenland, Bermuda, and the 
Caribbean Islands plus Hawaii and the 
U.S. possessions. 

The International Cailbook lists 481,000 
licensed radio amateurs In countries outside 
North America. Its coverage includes South 
America, Europe, Africa, Asia, and the 
Pacific area (exclusive of Hawaii and the 
U.S. possessions). 

The 1988 Cailbook Supplement Is a new idea 
In Cailbook updates, listing the activity in 
both the North American and International 
Callbooks. Published June 1, 1988, this 
Supplement will Include (housands of new 
licenses, address changes, and call sign 
changes for the preceding 6 months. 

The 1988 Callbooks will be published 
December 1, 1987. See your dealer or order 
now directly from the publisher. 


nNorth American Cailbook 
inch shipping within USA $28.00 

Incl, shipping to foreign countries 30.00 

o international Cailbook 
incl. shipping within USA $30.00 

incl. shipping to foreign countries 32.00 

D Cailbook Supplement, published June 1st 
incl. shipping within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

a Both N.A. & International Callbooks 
Incl. shipping within USA $55.00 

incl. shipping to foreign countries 60.00 


Illinois residents please add 6*/>% tax. 
All payments must be In U.S. funds. 


BA0I0 AMATEUR I I 

call 

Dept 


IIL 


OO 

F 




925 Sherwood Dr., Box 24 7 
Lake Bluff, IL 60044, USA 


rel i (312) 234-6600 




** 175 September 1987 















710 

720 

730 

740 


620 A< L%+1,K%~1> = D5( I %,J%) 

630 NEXT J% 

640 INPUT"BEAL CONST "; V(I%,1> 

650 Z(L%> = V(1%,1) 

660 INPUT"IMAG CONST ";V(I%,2> 

670 Z(L%+1) = V(I%,2> 

600 NEXT 1% 

690 PRINT: REM PRINT ORIGINAL MATRIX 
700 FOR IX = 1 TO Nl% 

710 FOR J% ~ 1 TO N2% 

720 PRINT D4 < I % , J% );D5 < I %,J%) ; 

730 NEXT J% 

740 PRINT V<1%,1>;V<1%,2> 

750 NEXT 1% 

760 Nl% = 2*N1% 

770 N2% = Nl% 

780 RETURN: REM FROM INPUT ROUTINE 

790 REM GAUSS-JORDAN ROUTINE 

800 REM 

810 REM 

820 El% = 0 

830 15% = 1 

840 N3% = 1 

850 FOR IX = 1 TO N2% 

860 FOR J% = 1 TO N2% 

870 B <1%,J%) = AC 1%,J%> 

880 NEXT J% 

890 W<I%,1> = Z(I%) 

900 I2%(1%, 3 } = 0 

910 NEXT 1% 

920 D3 = 1 

930 FOR 1% = 1 TO N2% 

940 REM 
950 REM 
960 REM 
970 B1 = 0 

980 FOR JX = 1 TO N2% 

990 IF <I 2%< J%, 3 > = 1 > THEN 1080 
1000 FOR KX = 1 TO N2% 

1010 IF ( I2%<K%,3>>1> THEN 185 0 

1020 IF <I 2%(K%,3) = 1) THEN 1070 

1030 IF (B1> = ABS(B(J%,K%))) THEN 1070 

1040 13% = J% 

1050 14% = K% 

1060 B1 = ABSCBC J%,K%)) 

1070 NEXT K% 

1080 NEXT J% 

1090 I 2%(I 4%,3) = I2%(I 4%, 3 ) +1 
1100 I 2%(1%,1) = 13% 

1110 I 2% <1%. 2) = 14% 


TO N2% 


1110 I 2% <1%, 2) = 14% 

1120 REM 

1130 IF <13% = 14%) THEN 1270 

1140 D3 = -D3 

1150 FOR L% = 1 TO N2% 

1160 HI = B(I 3%,L%) 

1170 B(I 3%,L%) = B(14%,L%) 

1180 B<14%,L%) = HI 
1190 NEXT L% 

1200 IF < N3%<1) THEN 1270 
1210 FOR L% = 1 TO N3% 

1220 HI = W(13%,L%) 

1230 W(I 3%,L%) = W(I4%,L%) 

1240 W(14%,L%) = HI 

1250 NEXT L% 


1200 

1210 

1220 

1230 

1240 

1250 

1260 REM 


RF 

TRANSISTORS 



2 30 MHz 12V <* 

-28V) 


PIN 


Rating 

Nat Ea. 

Match Pr. 

MRF412,/A 


80W 

$18.00 

$45.00 

MRF421 

Q 

100W 

22.50 

51.00 

MRF422* 


150W 

38,00 

82.00 

MRF426./A* 


25W 

18.00 

42.00 

MRF433 


12.5W 

12.00 

30.00 

MRF449./A 

Q 

30W 

12.50 

30.00 

MRF450./A 

Q 

50W 

14.00 

31.00 

MRF453JA 

O 

SOW 

15.00 

35.00 

MRF4S4,/A 

Q 

SOW 

15.00 

34.00 

MRF455,/A 

Q 

SOW 

12.00 

28.00 

MRF458 


SOW 

20.00 

46.00 

MRF475 


12W 

3.00 

9.00 

MRF476 


3W 

2.75 

8.00 

MRF477 


40W 

11.00 

25.00 

MRF479 


15W 

10.00 

23-00 

MRF485* 


15W 

6.00 

15.00 

MRF492 

Q 

90W 

18.75 

37.50 

SRF2072 

Q 

85W 

13.00 

30.00 

SRF3662 

Q 

now 

25.00 

54.00 

SRF3775 

Q 

75W 

14.00 

32.00 

SRF3795 

Q 

90 W 

18.50 

37.00 

3800 

Q 

100W 

18.75 

41.00 

2SC2290 


SOW 

19.75 

45.50 

2SC2879 

Q 

100W 

25.00 

56.00 


VHEIUHE TRANSISTORS 



Rating 

MHz 

Nat Ea. 

Match Pr. 

MRF224 

40W 

136-174 

13.50 

32.00 

MRF237 

4W 

138-174 

3.00 

— 

MRF238 

30W 

138-174 

13,00 

30.00 

MRF238 

30W 

136-174 

15.00 

35.00 

MRF240./A 

40 W 

138-174 

18.00 

41.00 

MRF245 

SOW 

138-174 

28.00 

85.00 

MRF247 

75W 

138-174 

27.00 

83.00 

MRF807 

1.75W 

138-174 

3.00 

— 

MRF641 

15W 

407-512 

22.00 

49,00 

MRF644 

25W 

407-512 

24.00 

54.00 

MRF646 

40W 

407-512 

26.50 

59.00 

MRF646 

SOW 

407-512 

33.00 

69.00 

SD1441 

150W 

136-174 

74.50 

170.00 

SD1447 

100W 

136-174 

32.50 

78.00 

2N5591 

25W 

136-174 

13.50 

34.00 

2N6060 

4W 

138-174 

7.75 

— 

2N 6081 

15W 

136-174 

9.00 

— 

2N8082 

25W 

136-174 

10.50 

— 

2N6063 

SOW 

136-174 

11.50 

24.00 

2N6084 

40W 

136-174 

13.00 

31.00 


MISC. TRANSISTORS A MODULES 


MRF134 

MRF136 

MRF136Y 

MRF137 

MRF138 

MRF140 

MRF148 

MRF150 

MRF172 

MRF174 

MRF206 

MRF212 

MRF221 

MRF260 

MRF261 

MRF262 

MRF264 

MRF406 

MRF428 

NE41137 


$16.00 

21.00 

70.00 

24.00 

35.00 

8950 

35.00 

89.50 
82.00 
80.00 

11.50 
16.00 
10.00 

7.00 

9.00 

9.00 

13.00 

14.50 
55.00 

3.50 


MRF497 

2N1522 

2N3898 

2N4048 

2N4427 

2N5590 

2N5842 

2N5643 

2N5646 

2N5945 

2N5946 

2SC2097 

2SC2237 

2SC1966 

SlO-12 

SAV6 

SAV7 

SC1019 

SC1027 

M57737 


14.25 

10.50 

1.25 

10.50 
1.25 

10-00 

13.75 

15.00 

18.00 

10.00 

13.00 

29.50 

13.50 
3.00 

13.50 

34.50 

34.50 
59.90 

47.50 
47.50 


Selected, matched finals tor ieom, Atlas, Yaesu, KLM, 
Kenwood, Cubic, TWC, etc. Technical assistance and 
cross-reference on CO, PT, SD, SRF and 2SC P/Na. 
Quantity parts users—call tor quote 

WE SHIP SAME DAY • C.O.D./VISA/MC 

Minimum Order—Twenty Dollars 

(619) 744-0728 

FAX: (619) 744-1943 



RF PARTS 

132016 Grand Avenue 
San Marcos. CA 92069 
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1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
15 20 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
174 0 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
185 0 
1860 
1870 
1880 


PI = B(14%,14%) 

D3 = D3*P1 
B(I 4%,14%) = 1 

FOR L% = 1 TO N2% 

B(I 4%,L% > = B(I 4%,L% >/PI 
NEXT L% 

IF (N3%<1) THEN 1390 
FOR L% = 1 TO N3% 

W( I 4% , L%) = W( I 4% , L%) /P1 

NEXT L% 

REM 

REM 

FOR Ll% = 1 TO N2% 

IF(Ll% = 14%) THEN 1500 
T = B(L1%,14%) 

B< Ll%,14%) =0 
FOR L% = 1 TO N2% 

B(L1%,L%) = B(L1%,L%) - B(I 4%,L%) *T 
NEXT L% 

IF (N3%<1) THEN 1500 
FOR L% - 1 TO N3% 

W(L1%,L%) = W(L1%,L%) - W(I 4%,L% > *T 
NEXT L% 

NEXT Ll% 

NEXT 1% 

REM 

REM 

REM 

FOR 1% = 1 TO N2% 

L% = N2% -1% +1 

IF(I 2%(L%,1) = I 2%(L%,2)) THEN 1650 
13% = I 2%(L%,1) 

14% = I 2% < L%,2 ) - 
FOR K% = 1 TO N2% 

HI = B(K%,13%) 

B(K%,13%) = B < K% t 14%) 

B(K%,14%) = HI 
NEXT K% 

NEXT 1% 

FOR K% = 1 TO N2% 

IF( I2%<K%, 3)01 ) THEN 1850 
NEXT K% 

El% = 0 

FOR ,1% = 1 TO N2% 

Cl(1%) = W(1%,1) 

NEXT 1% 

IF(I5% = 1) THEN 1870 
PRINT 

PRINT " Matrix Inverse" 

FOR I%= 1 TO N2% 

FOR J% = 1 TO N2% 

PRINT USING A$; B(I%,J%); 

NEXT J% 

PRINT 
NEXT 1% 

PRINT 

PRINT"De terminan t = ";D3 
RETURN: REM IF INVERSE IS PRINTED 
El% = 1 

PRINT"ERROR - Matrix is Singular" 

REITURN: REM From Gauss-Jordan Subroutine 
END 


14%) 


THEN 1850 


1 TO N2% 

= W(1%,1) 

1) THEN 1870 


BLACK DACRON® POLYESTER 
ANTENNA ROPE 


UV-PR0TECTE0 

HIGH ABRASION RESISTANCE 

REQUIRES NO EXPENSIVE POTTING HE AOS 

EASY TO TIE & UNTIE KNOTS 

EASY TO CUT WITH OUR HOT KNIFE 

SIZES: 3/32" 3/16" 5/16" 

SATISFIED CUSTOMERS OECLARE EXCEL¬ 
LENCE THROUGHOUT U.S A 


LET US INTRODUCE OUR DACRON* 
ROPE TO YOU • SEND YOUR NAME AND 
ADDRESS AND WE*LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer Inquiries Invited 

In Australia contact 
ATN Antennas. Btrcftip. Victoria 




-A/ synthetic 
textiles,Inc. 


2472EASTMAN AVE.. BUILOING 21 
VENTURA. CALIFORNIA 33003 
(805) 558-7903 



KENNEDY ASSOCIATES 

Stocking all major lines. San Antonio's 
Ham Store. Great Prices—Great Service. 
Factory authorized sales and service. 
Hours: M-F 10-6: SAT 9-3 


KENWOOD 






Amateur Radio Division 
5707A Mobud 
San Antonio, TX 78238 

Telephone: 512 680-6110 




Toroid Cores. 
Iron Powder 
& Ferrite. 
Ferrite Beads. 
Ferrite Rods. 


Free catalog and winding chart on request . 


LiC^ JMl Jflk Sfc 


Box 455, Escondido, CA 92025 
Phone: (619) 747-3343 
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RECEIVE 
THIS LCD 
CALENDAR' 
CLOCK FREE 
WITH YOUR 
SUBSCRiPTlON 


gp®# & 

\L 




WHAT’S REALLY 


HAPPENING 
IN HOME 
SATELLITE 
TV? 


THE HOME 
SATELLITE 
TELEVISION 
MAGAZINE, 

% 

A monthly of 100-plus pages—has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in¬ 
dustry insights! With your subscription to STV* you will 
receive a FREE LCD Calendar/Clock. 

• Only $19.95 per year (12 monthly issues) 

• $1.00 for sample copy 




ro *o„„ 


STELLITE 
ITEM, THEN 
J REALLY 

:d... 










The best in satellite programming! Featuring: ★All 
Scheduled Channels ★Weekly Updated Listings 
★Magazine Format ★Complete Movie Listing ★All 
Sports Specials ★Prime Time Highlights ★Specials 
Listing and ★Programming Updates! 

• Only $45.00 per year (52 weekly issues) 

• 2 Years $79.00 (104 weekly issues) 

• $1.00 for sample copy 

Visa® and MasterCard® accepted (subscrip¬ 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 

STV/OnSat* 

P.O. Box 2384—Dept. HR • Shelby, NC 28151-2384 

SUBSCRIPTION CALLS ONLY 
TOLL FREE 1-800-438-2020 
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fig. 7. The results of “tuning" Cl. The frequency was held 

constant and Cl was varied from 30 to 40 pF. The verti- 

2 

cal scale is the power output l 4 *R2. 


amperes. Thus the calculated power output is about 
1453 watts. 

What stress is there on the rf amplifier components? 
The first thing we see is the voltage across Cl. Com¬ 
mon sense dictates that Cl should have a voltage rat¬ 
ing of perhaps 4000 volts. The current through it is 
less than that flowing through C2. It doesn't seem to 
be a problem; there's less stress on that capacitor than 
there would be if the circuit had been a Pi-section. One 
normally assumes that the heaviest currents are locked 
up in the tank. But that's not so in this case; the heav¬ 
iest rf current in the whole system is in the midsec¬ 
tion of the filter! It's nearly 10 amperes for E = 3000 
peak ac volts, and will be even higher for the 3500 + 
volts required for maximum legal output power. 

Let's calculate the current through C4, the differ¬ 
ence between I 3 and I 4 . The vector difference is: 

f 3 = - 7327 + J2.835 

I 4 = 2356 + j 4.84 4 

l C4 - 1 3 - l 4 = -9.683 - J2.009 

IC 4 (scalar) - 9.89 amperes 

The voltage across C4 is: 

I C 4 • (X C4 ) = (9.89) (34.4) = 340 volts. 

Similar calculations can be made for all the other com- 













ponents. While “postage-stamp" capacitors could 
stand the voltage, they wouldn't tolerate the nearly 
10-ampere current. Large transmitting-type or home¬ 
made capacitors must be used. 

The capacitors for this amplifier are constructed 
from thin copper sheet, aluminum, and 0.030-inch 
Teflon™ sheet. For the 20-meter band, C2 and C4 are 
both approximately 300 pF. A homemade two-plate 
capacitor would measure only a few square inches in 
area; one side would be the amplifier chassis (or in this 
case, the bottom plate of the plug-in). All coils are 
fabricated from No. 10 copper wire. Had this been a 
Pi-section tank or even a Pi-L tank with the equiva¬ 
lent attenuation ratio of this design (without follow¬ 
up filter) the loaded Q would have had to be greater 
than 30, and the tank coil itself would have to be made 
of 1/4-inch diameter or larger copper tubing. 

The same Gauss-Jordan routine may be used to cal¬ 
culate the attenuation at higher frequencies. Use the 
design values for components in the coefficients pro¬ 
gram, but change the frequency range and steps. The 
calculated attenuation at the second harmonic of this 
design is better than 50 dB; it's plotted in fig. 10. 

All of the foregoing Involves calculations with com¬ 
plex numbers. Figure 11 contains BASIC routines that 


2080 “302.92 0 302.92 0000 3000 0 

0 302.92 0 20.8 0 33.96 0 0 0 0 

0 0 0 33.96 0 19.04 0 33.96 0 0 

0 0 0 0 0 33.96 50 5.11 0 0 


MAGNITUDE ANGLE 


REAL 

0.61960 
0.59526 
-5.89132 
2.70776 


IMAGINARY 

0.00354 
-5.64561 
3.42624 
3.72465 


0,61961 
5.67690 
6.81519 
4.60489 


0.327 68 
-83.98114 
149.81880 
53.98348 


fig. 9. Sample of the Gauss-Jordan program output. The 
numerical is the input matrix which contains ail the 
coefficients, while the listing below represents the cur¬ 
rents It through l 4 in cartesian (l m ±jl m ) and polar coor¬ 
dinates (I/O). 


can be used as they stand, included as subroutines 
that can be used as is, or be included as subroutines 
in a larger program. The solution in the figure is for 
Ic4- 

conclusion 

While the bulk of this work was done on a Tandy™ 
2000 and the programs are written in MS-DOS BA¬ 
SIC, even the large matrix-handling program 
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T.V.I. problems? 



FL10/1500 FL6/1500 FL10/100 FL6/100 


Model 

Power Cul On 
(Watfr) Frequency 

Frequency 

Of Maximum Minimum 
Attenuation Attenoallor 

Frequency 
l Range 

Price 

R 10/1500 

1000 

3 d MHZ 

6 ? MHz 

70 db 

1,8 - 30 MHz 

$29.50* 

RIO /100 

100 

44 MHz 

5 ? MHZ 

60 db 

18 * 30 MHz 

$22.50* 

fit /1500 

1030 

55 MHz 

63 MHz 

70 db 

6 meter 

$36.00* 

R 6/100 

100 

| 55 MHz 

63 MHZ 

i . 

50 db 

6 meter 

$25.00* 


All above to match 
50 ohm transmitters 
and antennas. 


Add $2 shipping 
and handling 



AIL OUR PRODUCTS MADE IN USA 

BARKER ft WILLIAMSON 

Quality Communication Products Since 1932 
At your Distributors write or call 
10 Canal Street, Bristol PA 19007 

( 215 ) 788-5581 




Subscribe Today To The 
World’s Leading Magazine For 
Shortwave & Scanner Listeners! 


TifitFm-. 




International Broadcasting 
Utility Monitoring 
Scanners 

Shortwave and Longwave 
Satellites 

Electronic Projects 
Listening Tips 
Frequency Lists 
Equipment Reviews 
News-breaking Articles 
Feature Articles 
Exclusive Interviews 
Insights by the Experts 
New Products. 


Each month MONITORING TIMES, the first wide- 
spectrum listener’s publication and still the best, brings 
you 64 giant tabloid pages of late-breaking information 
on every aspect of monitoring the radio spectrum. 

Fast-paced and information-packed, MONITORING 
TIMES consistently scoops the publishing industry. 

ORDER YOUR SUBSCRIPTION TODAY before 
another issue goes by: only $15 per year (U.S. and 
Canada), $22 per year (foreign) or send $1 for a sample 
issue (foreign send 2 IRCs). 

MONITORING TIMES 

P.O. Box 98 Brasstown, N.C. 28902 
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CAD DESIGN 
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fig. 10. Calculated total network responses from 14.0 to 
30.0 MHz. Both the text-designed and the CAD designed 
network responses are plotted. 


represented by the Gauss-Jordan routine can be per¬ 
formed on the Commodore 64™ if the formatting lines 
(PRINT USING) and the integer symbols (%) are 
removed. It takes 30 to 45 seconds for the first solu¬ 
tion to a four-current problem to appear on the C-64; 
the T-2000 requires only 6 seconds. With a compiled 
program the answers seem to appear instantaneously. 

A few pertinent comments about using the Gauss- 
Jordan routine in this context are in order. The pro¬ 
gram will handle up to eight equations, but four seem 
to be the maximum number of equations one would 
want to try to solve. The execution time increases as 
approximately the cube of the number of equations, 
and there's a continuous rounding-off of the answers. 
While double-precision might help, the C-64 doesn't 
offer it, and I'd prefer to have this article remain use¬ 
ful to owners of the Commodore machines. 
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10 PRINT 
20 PRINT 
30 PRINT 
40 PRINT 

50 INPUT "ENTER REAL PART, FIRST NUMBER";RL1 

60 INPUT "ENTER IMAGINARY PART, FIRST NUMBER";IMl 

70 INPUT "ENTER REAL PART, SECOND NUMBER";RL2 

80 INfUT "ENTER IMAGINARY PART, SECOND NUMBER";IM2:PRINT; 

90 SIGNS = "-" 

100 INPUT"ADD (1), SUBTRACT (2>, MULTIPLY (3), OR DIVIDE (4>";Q 
110 ON Q GOTO 200, 300, 400, 600 
120 GOTO 100 

200 RL = RL1+RL2 : IM=IM1+IM2:GOTO 630 
300 RL = RL1-RL2:IM=I Ml-IM2:GOTO 630 

400 RL = RL1*RL2~( IM1MM2) : IM=IM1*RL2 + RL1*IM2 :GOTO 630 
600 RL= ( RL1 *RL2 +1 Ml* IM2 ) / ( RL2"'2+I M2~2 ) 

610 IM= <IM1*RL2-RL1*IM2)/(RL2~2+IM2~2 > 

630 IF ABSCIM) = IM THEN SIGNS="+" 

640 PRI NT:PRINT"THE ANSWER IS ("; RL;" ";SIGNS;" J" ;ABStIM)">" 
650 PRINT:INPUT"ANY MORE? Y OR N";BS:PRINT 
660 % IF BS="Y" THEN 50: ELSE 670 
670 END 


COMPLEX ARiIHMET1C:" 

ADD, SUBTRACT, MULTIPLY OR DIVIDE" 
TWO COMPLEX NUMBERS" 


600 

610 

630 


RUN 

COMPLEX ARITHMETIC: 

ADD, SUBTRACT, MULTIPLY OR DIVIDE 
TWO COMPLEX NUMBERS 

ENTER REAL PART, FIRST NUMBER? -7.327 
ENTER IMAGINARY PART, FIRST NUMBER? 2.835 
ENTER REAL PART, SECOND NUMBER? 2.356 
ENTER IMAGINARY PART, SECOND NUMBER? 4.844 

ADD Cl), SUBTRACT <2>, MULTIPLY <3>, OR DIVIDE (4)? 2 


THE ANSWER IS (-9.683001 


ANY MORE? Y OR N? N 


J 2.009 > 


fig. 11. BASIC "four-factor" routines for the manipulation of two complex numbers. 
Useful as it stands, it is also useful for inclusion as steps in larger programs. The solu¬ 
tion is for IC 4 . 


This article has defined a design 
problem, outlined the steps used to 
solve it with a PC, and produced a 
viable design that could probably be 
built with reasonable assurance that 
the final product would work. What 
began with an innocent question — 
"How is a no-tune amplifier design¬ 
ed?" — has ended with an amplifier 
actually under construction. Every de¬ 
sign number and every program neces¬ 
sary to duplicate or extend that design 
have been presented here. 
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HAM DATA 

C-64 Software 

CONTEST LOG ' 

This disk contains four different contest programs: 
ARRL Sweepstakes. Field Day. Universal WW Contest 
log, plus a dupe checking routine. Each program is 
designed for real lime use. It automatically enters 
date, time, band and serial number lor each contact. 

A 24-hour clock is displayed at the top ot the VDT 
screen. When the contest is over, the program will 
pnnt your results listing all duped and scored con- 
Tttcts in serial sequence wilh all the necessary infor¬ 
mation as well as completed score at the bottom of 
the page, 

HHO-CL (For C-64) 524.95 

MASTER LOG 

Over three years of development went into this pro¬ 
gram It creates a file ot 2100 individual records 
wilh up to 13 different entries per record. Master 
Log can do a search and select based upon lime, 
frequency, mode or any of the other variable 
parameters It keeps track ol DXCC and WAS status, 
prints QSL labels and can search its whole fife in 
less than 5 secondsl Complete documentation is 
included to help you learn and use this truely state- 
of-the-art logging program 

f H0-ML (For C-64) $28.95 

Please enclose $3.50 for shipping ^ 

HAM RADIO’S BOOKSTORE £ 

GREENVILLE, NH 03048 603.070-744} “ 
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Add 80 UPS SVH, 811 West ot the Mississippi. 

2315 PA Linear Amp 1W In 15W out 1296 M Hz 13.5V. 8245 ppd. 
233S PA UnaarAmp 10Wln3SWoul 1216 MHz t2.5V.fl2S6 ppd. 

NEWI MICROWAVE JRANSVERTERS 
BY IMW ELECTRONICS 

1296TRV6D 6W. GaftaFET, T/R Soquoncor, Output Motor 5499 
2304TRV2D 2W. GaAaFET. T/R Soquoncor, Output Motor 5589 

Add $8 for shipping UPS/4S 
Stripped down version, kits also available 

a Write For FRBB Catalog _ 
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lightning location and detection 


Modern analog, 
digital techniques 
probe Nature’s 
electrical generator 

Lightning is an everyday occurrence, feared by 
some, accepted by most, but generally overlooked. 
Some 2000 thunderstorms are active at any moment 
throughout the world; this results in 100 lightning 
strokes every second of the year, or 40 million strokes 
per year in the United States alone. 

Accurate detection of lightning is necessary for 
many reasons, including forest fire detection and con¬ 
trol, power grid monitoring, flight planning, and pub¬ 
lic safety; NASA monitors lightning activity at various 
missile launch sites. Fortunately, technology now pro¬ 
vides the means to accomplish these tasks with a high 
degree of accuracy. 

North America has several extensive detection sys¬ 
tems. Mexico, South Africa, Japan, Australia, Nor¬ 
way, Sweden, and recently China, have installed 
similar systems. 

theory of detection 

A lightning discharge to ground contains several 
large current surges or strokes. A stepped leader pro¬ 
ceeds from the cloud to the ground in a series of short 
steps. After this leader reaches ground, a large return 
stroke travels rapidly back up the ionized path left by 
the leader. After a pause of 30 to 50 milliseconds, a 
dart leader usually forms; this is followed by one or 
more return strokes traveling upwards. Typically, a 
lightning stroke contains three, four, or more return 
strokes. 

Until recently it was thought that a negative charge 
was transferred to ground during a lightning strike. But 
we now know that the incidence of positive charges 
increases as latitude increases towards the Earth's 
poles. Japanese researchers have also detected a large 
amount of positive lightning, which appears to eman- 


I ate from the tops of clouds and be of higher current 
levels than negative lightning. There's still a consider¬ 
able amount of research to be done in this area. 

The current in return strokes attains levels of up to 
40 kiloamps in 1 to 10 microseconds. The rise time and 
pulse width of this discharge form a distinctive wave¬ 
form or signature that can be processed by the detec¬ 
tion equipment to yield such data as azimuth bearings, 
real time, amplitude, polarity, and repetition of return 
strokes. When the data from two or more sites are tri¬ 
angulated and decoded by a central microprocessor, 
it's possible to pinpoint strike locations accurately to 
within 0.5 km at distances of 500 km. 

detection system components 

A typical detection system consists of two or more 
direction finders and a microcomputer; a block dia¬ 
gram of such a system is shown in fig. 1. Data is 
usually transmitted to a central position analyzer (PA) 
by means of dedicated telephone lines. Some instal¬ 
lations use a polling system in which each direction 
finding site is polled. These systems require the use 
of asynchronous telephone lines. Recently, sites in re¬ 
mote areas (see fig. 2), especially in Third World coun¬ 
tries, have used data transfer systems consisting of 
VHF and UHF radio links, using the principles of 
packet radio. 

The electromagnetic field generated by a lightning 
stroke is sensed on two broadband orthogonal loop 
antennas and on an electric field, or "E" field, antenna. 
The latter consists of three flat plates stacked one 
above the other and separated by a few inches. The 
E field antenna senses the ambient noise level at a par¬ 
ticular site to provide a comparison level for the loop 
antenna. The bandwidth of the antennas is 1 kHz to 
1 MHz; this wide bandwidth is necessary to preserve 
the shape and polarity of the waveforms resulting from 
the lightning stroke. 

Direction finding is done according to convention¬ 
al techniques. The signal received by each loop is 
proportional to the lightning stroke's magnetic field 
multiplied by the cosine of the angle between the plane 
of the loop and the direction of the incoming signal. 

By Bill Richardson, VY1CW, Site 20, Comp. 63, 
RR No. 1, Whitehorse, Yukon, Canada, Y1A4Z6 
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fig. 1. Block diagram of the basic LLP lightning locating system. In this example the position analyzer drives three remote 
display processors (RDP 80-02). In reality, the position analyzer may drive any number of remote display processors. 


Therefore, the azimuthal bearing can be calculated 
from the signal strength ratio of the signals at the two 
loops. 

The direction finding electronics are designed to re¬ 
spond to a waveform that's typical of a cloud-to- 
ground lightning stroke. Cloud-to-cloud lightning has 
an entirely different waveform and thus is ignored by 
the equipment. 

These waveforms are identified by rise time, pulse 
width, and secondary peak structure. The rise time and 
bipolar shape requirements eliminate very distant light¬ 
ning, because propagation delay increases the rise 
time of those waveforms. Ionospheric reflections of 
the signal don't pose a problem because they're typi¬ 
cally inverted with respect to a ground wave signal. 
Some users employ both positive and negative stroke 
sensing. 

The direction finder uses parallel low- and high-gain 
analog circuits. The waveshapes of near and distant 
lightning strokes are slightly different; therefore, the 
two analog circuits are set to switch automatically to 
values appropriate for subsequent strokes after the first 


stroke is detected. This provides maximum detection 
efficiency over a wide dynamic range. 

Magnetic direction is determined at the time at 
which the radiation field of the return stroke reaches 
its peak; this point is attained while the return stroke 
is within approximately 300 feet of the ground. This 
provides an accurate indication of the ground contact 
point and eliminates errors that could be induced by 
multiple branch currents. 

Detection efficiency is shown in fig. 3, The low ef¬ 
ficiency at very close distances is caused by signals 
of sufficient magnitude to overrange the electronics. 
Peak efficiency is reached in the 20- to 250-km range 
and decreases beyond this because of lowering of sig¬ 
nal amplitude and change of waveshape because of 
propagation delay. 

As previously mentioned, accuracy can be within 
0.5 to 1 kilometer at 300 kilometers, assuming enough 
direction finding sites are used for full area coverage. 
The electronics must be precisely aligned and cali¬ 
brated — a very tedious procedure, I assure you. 
Alignment of the loop antennas must also be done 
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fig. 2. The solid dots show the locations of all LLP lightning 
direction finders installed in North America at the end of 1982. 
The shaded area represents the effective area covered by 
these systems. 


accurately. The presently accepted method uses a 
shadow cast upon the antenna base plate by the north- 
south loop at precisely solar noon. Each direction 
finder has a built-in lightning simulator that can be set 
to duplicate acceptable and unacceptable lightning 
waveforms; this allows the system to be configured 
for peak detection efficiency. 

system configuration 

Sometimes a direction finder is used in a stand-alone 
mode, usually in conjunction with a weather radar. In 
this case, lightning data is plotted on an X-Y record¬ 
er. Clusters of vectors show the bearing to a storm 
cell; since vector length is proportional to the peak am¬ 
plitude of the first return stroke, the length of the vec¬ 
tors can be translated into the distance to the strike. 

The most common system configuration involves 
several direction finders reporting to a central position 
analyzer. Each direction finder has an integral micro¬ 
computer subsystem that digitizes and stores data for 
up to 14 return strokes. Each stroke is displayed on 
a front panel LED display. Time, angle to stroke, sig¬ 
nal amplitude, polarity, and multiplicity of strokes are 
shown. This data is then transmitted to the position 
analyzer, a preprogrammed microcomputer system 
that automatically computes, maps, and records all 
lightning data. This data is then printed as hard copy 
and displayed on a CRT as lightning strikes superim¬ 
posed on a map. 

All computations and displays are done in real time. 
Data can be stored and replayed to determine storm 



fig. 3. Detection efficiency versus range for two medium-gain LLP networks. 
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Poles 

Price 

XF-9A 

SS8 

2.4 k Hz 

5 

S61 00 
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2.4 kHz 

8 

83.00 

XF-9B-01 

LSB 

2.4 kHz 

a 

110.00 

XF-9B02 

USB 

2.4 kHz 

8 

110,00 

XF9B-10 

SSB 

2.4 kHz 

10 

145.00 

XF-9C 
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8 

8900 
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AM 
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8 

89.00 

XF-g£ 
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12.0 kHz 

a 

89 00 
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500 Hz 

4 

62 00 

XF-9NB 

cw 
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8 

127.00 
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CW 

250 Hz 

8 

175.00 

XF-910 
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2 
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144-50*5 
144-100*$ 
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225 00 
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70cm 

MML 432-30-L 
MML 432-50 
MML 432-100 


370.00 
290.00 
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200.00 
300 00 
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220 00 
450,00 
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70/MBM28 

70/MBM48 

70tMBMQQ 

DY20-900 MHz 



$80.00 


S50.00 
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115.00 
80 00 
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1268-LY 55.00 

1296-LY 55,00 

1691 -LY 65.00 

ordor loop yagi connector extra 
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I.D.BADGES 

No ham should be without an 1.0, badge. 

It's just the thing for club meetings, 
conventions, and get-togethers, and you have a 
wide choice of colors Have your name and call en- 
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direction, intensity, growth, and decay. For example, 
a program can be selected to periodically delete strike 
locations older than a preset time interval, with var¬ 
ious colors assigned to strikes occurring within differ¬ 
ent time periods. This accumulated data can then be 
replayed at an accelerated rate to display the storm's 
life cycle. 

communications system 

Time has shown that the communications links are 
the greatest source of problems in the system. Two 
basic systems — the "star" and the polled — are in 
common use. The polled system stores data until the 
PA requests it. In the star system, the simpler of the 
two, remote sites are connected to the PA via dedi¬ 
cated half-duplex telephone lines, and data is trans¬ 
mitted to the PA in real time. Though costs are higher 
with this system because of the dedicated line, which 
is in constant use, the system's simplicity often com¬ 
pensates for its higher costs. 

In the past two years, many Third World countries 
have installed lightning detection equipment. Because 
standard communications links are almost non-exis¬ 
tent in many of these areas, UHF radio links using 
packet radio have been used; to date, the results are 
very encouraging. Many such UHF links will be in¬ 
stalled in northern and otherwise remote areas of 
North America over the coming year. This will not only 
allow new areas to be covered, but also decrease com¬ 
munications costs. 

The manufacturer of the equipment described in this 
article has introduced a simplified direction finder 
which can be operated on solar power. This feature 
will help increases coverage, since ac power sources 
will no longer be required. 

I'll be working closely with the manufacturer to ex¬ 
periment with the possibility of relaying data by radio 
transmissions reflected from the ionized trails created 
by the lightning stroke, much like the method used 
in meteor scatter communications. 

conclusion 

Space limits the depth of description of lightning 
detection equipment and techniques, but the fore¬ 
going should provide a general overview of this new 
technology. Because the field is still in its infancy, sys¬ 
tems are especially challenging. Much research and 
development can and is being done by field personnel. 
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designing a microwave amplifier 


Step-by-step procedure 
starts with specs, 
ends with results 


Most people who aren't familiar with microwave 
technology regard microwave engineering as some¬ 
what mysterious. Nothing could be further from the 
truth. 

Often this opinion stems simply from limited know¬ 
ledge of the subject, from a misconception that all 
power transmission requires a waveguide or "plumb¬ 
ing/' or from a general lack of interest. Knowing that 
in microwave design, circuit performance is exception¬ 
ally dependent on layout* and understanding the 
mathematics associated with field theory and the use 
of distributed parameters for impedance matching, it's 
possible to conclude that microwave engineering is an 
arcane art limited to the very few. Not so! 

S-parameters 

Manufacturers of microwave electronic compo¬ 
nents, namely transistors, characterize these devices 
according to scattering parameters known also as "S" 
parameters. S parameters are simply voltage reflec¬ 
tion coefficients that possess both magnitude and 
phase. Consider a 25-ohm resistor at the end of a 
50-ohm transmission line (fig. 1). The reflection coeffi¬ 
cient of the 25-ohm load is computed as follows: 

r Z L - ZO 25 - 50 _ -25 _ -1 m 

” Z L 4- 20 ~ 25 + 50 ~ 75 ~ 3 

r can be complex and is simply a reflection coefficient; 
that's what an S parameter is — nothing more than 
a reflection coefficient. The S parameters are meas¬ 
ured values and give an indication as to the perfor¬ 
mance of the device, and are generally measured in 
a 50-ohm system. It's more practical to construct a 

*i.e., you don't wire a 4-GHz amplifier the same way you'd wire a car. 
Consider that a piece of No. 26 wire measuring 0.050 inches long represents 
an impedance of ]25 ohms at 4.0 GHz. This would introduce a voltage SWR 
(mismatch) of 1.63:1, with 5.8 percent of the power reflected back to the 
generator should this wire be connected in series in a 50-ohm system. 



50-ohm termination than to rely upon open circuits and 
short circuits and attempt to characterize a device with 
"Y" or "Z" parameters. The four S parameters speci¬ 
fied are S11, S12, S21, and S22 (see fig. 2). 


SI 1 = — with a2 = 0 and 
al 

is a measure of input impedance 

S22 = — with al - 0 and 
a2 

is a measure of output impedance 


( 2 ) 


S2I = 


b2 


with a2 = 0 and is a measure of 
forward power gain 


SI2 = — with al - 0 and 
a2 

is a measure of reverse power gain 

S parameters are simply related to power gain and mis¬ 
match loss, quantities which are often of more interest 
than the corresponding voltage functions. 


g^ | 2 _ Power reflected from network input 
Power incident on the network input 

S22I 2 - Power reflected from network output 
Power incident on the network output 

S211 2 = P Qwer delivered to a ZQ load 

Power available from ZO source 

Reverse transducer power gain 
with ZO load and source 


It's important to understand that S parameters are 
measured parameters and give the designer a real- 
world indication as to how the particular transistor will 
work. Generally, a designer's most important consider¬ 
ations are power gain, noise figure, stability, biasing, 
and a necessary matching structure for reasonable 
VSWR. 

A transistor is a bilateral device, with the amount 
of bilateral interaction defined by S12. Analyzing the 
performance of an amplifier operating as a bilateral de¬ 
vice is a tedious process, and one has to resort to the 
use of computers and commercially available programs 


By Stanley J. Domanski, ex-WAIWSD, 3 
Lessard Street, Nashua, New Hampshire 03060 
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Z q ’50 OHMS 


500hmS 


Z L ' 25 OHMS 


ft? 


ft? 


fig. 1. Mismatch occurs when 25-ohm load is inserted 
directly in 50-ohm system. 
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fig. 2. Two-port network used to define S parameters. 


such as Super-Compact,** a rather powerful micro- 
wave circuit design optimization program. For the pur¬ 
pose of illustration, we will assume a unilateral device 
(S12 = 0.0). 


using the data sheet 

Suppose someone gives you several NEC NE388 
GaAsFET transistors and a data sheet, then asks you 
to design an amplifier that's to operate at 3 GHz. 
Approximately how much gain should you expect to 
achieve? What would the input and output matching 
network look like? 

Start by reviewing the data sheet for the FETs. (For 
this design, noise figure is not a consideration.) The 
load impedance and source impedance are both 50 
ohms. The device is a GaAsFET. You'll also notice that 
the S parameters are specified at Vqs = 3.0 volts and 
Iq = 10 mA. Therefore, for the matching network to 
be effective and for the gain calibration to be meaning¬ 
ful, the device must be biased at these values of Vqs 
and Iq* Try to get a feeling for maximum usable 
gain, i.e. the Gain Transducer Unilateral (GTU). (This 
assumes a unilateral device where S12 = 0 and a 
matched source and load condition exists.) This was 
derived from the more general equation for GT (Gain 
Transducer) under the conditions specified above. 


(3) 


GTU max 


1 - Sll 


S21\ 2 


1 - \S22\2 


At 3000 MHz, 

5// - 0.892 


63°, S21 = 2.368 1 133° (4) 


parameters for the packaged devices, S parameters 
are given for NE388 chips as well, and the S parameter 
data is listed for frequencies from 2 to 10 GHz in 
0.5-GHz step increments. Note that S11 and S12 are 
both capacitive, but become more inductive as fre¬ 
quency increases. 

S11 represents approximately 10 -j80 ohms and 
S22 represents approximately 50 - j120 ohms. For 
optimum performance and power gain, the transistor's 
input and output impedances should be matched to 
50 ohms. 

One suitable way of constructing this amplifier is a 
technique called microstrip. Microstrip possesses 
transmission line characteristics and is essentially just 
conductive runs over a conducting ground plane, with 
an intermediate substrate in between. 

matching procedure 

The idea is to "move" S22 and S11 to the 50-ohm 
center of the Smith Chart (fig. 3). In both cases, this 
is done by rotating on a length of transmission to the 
constant conductance circle that is coincident with the 
center of the Smith Chart or the 50-ohm location and 
then adding a parallel capacitor of the appropriate size. 
For the S22 match, a length of line 0.194X 4- 0.055X 
= 0.249X is used to rotate to constant conductance 
circle coincident with 50 ohms; for S11 the length of 
line is: 

0.163X + 0.038X - 0.201 X. 

Y(S22) - 2.4 = Y/B0 

Since our transmission line characteristic is Z0 and is 
50 ohms, 


S22 = 0.772 -41°, SI2 = 0.034 52° 


GTU - 
1 


_ L . (2.368? . 

1 - (0.892)2 1 

= (4.893) • (5.607) • (2.475) = 


(5) 


1 - (0.772)2 

67.90 or 10 log GTU = 18.32 dB 

This computation is consistent with the data sheet. 
Notice that in addition to providing a table of S 


**A product of Compact Software, 483 McLean Boulevard, Paterson, New 
Jersey 07504. 


B0 - 1/Z0 - 1/50 or 0.02 

Y - y*B0 - 2.4 * 0.02 - 0.048 mhos 

Y = 27rfC mhos 

C = — = -- = 2.54 x 10->2 farads 

2itf 2 tt x 3 x W 9 

A 2.54 * 10” 12 F (2.54 pF) capacitor shunting the 
transmission line to ground will add enough suscep- 
tance to complete the output match to 50 ohms. 

A similar procedure is used to match the input to 
50 ohms. 
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(7) 


3.9 mhos 


y(Sll) = -2- = 3.9 mhos 
BO 

Y = y • BO 

= 3.9 x 0.02 = 0.078 mhos 


= 2irfc mhos C = -X— = - 

J 2%f 2% x 3 x 10* 

= 4.138 X 10- 12 Farad 


A 4.138 x 10 12 F (4.138 pF) capacitor shunting the 
transmission line to ground will add enough suscep- 
tance to complete the input match to 50 ohms. Thus 
far, what we have represented is shown schematical¬ 
ly in fig. 4. 
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microstrip components used 

The microstrip substrate is a teflon material with a 
dielectric constant of 10.0. The distributed characteris¬ 
tics of microstrip will be utilized to synthesize the 
50-ohm transmission line and shunt capacitors. The 
lengths of the input and output transmission lines are 
0.201X, and 0.249A, respectively. 

The equation relating frequency and wavelength is 
c = fA, where c is the velocity of light and is 3 • 10 10 
cm/sec. In air, the wavelength of a 3-GHz signal is 

x _ c = 3 x 10 10 cm / sec = JQ cm (9) 
f 3 x 10 9 Hz 

or approximately 3.937 inches. The effective wave¬ 
length in a material other than free space is the wave¬ 
length in free space divided by the square root of the 
dielectric constant. For a substrate whose dielectric 
constant is 10.0, the effective wavelength is 

—= — Cm = 3.16 cm (10) 

\fe r V 10 

or 1.2449 inches. The length of the input matching 
section is 0.201X and the length of the output match¬ 
ing section is 0.249X. This in air would represent 
(0.201 X) (3.937 inches/X) = 0.7913 inches and 




50 

OHMS 


0.25OZ " 


50 OHM LINE 


0.3099“ 


50 OHM LINE 






2.54pF 


4J39pF 


rh 


50 
OHMS 


rh 


rh 


fig. 5. Transmission line physical parameters determined 
from requirements. 


(0.249X) (3.937 inches/X) = 0.9803 inches. 

In a substrate with a dielectric constant of 10.0, the 
real lengths of the input and output become 
(0.7913 inches) (0.3162) = 0.2502 inches and 
(0.9803 inches) (0.3162) = 0.3099 inches, 
respectively. 

The characteristic impedance of microstrip, Z0 is; 


x 377 x 


w 



( 11 ) 


The impedance selected for our line is 50 ohms and 
62 = 10.0. The substrate thickness is 0.020 inches. 
Solving for W: 


377 x h = 377 x 0.020 
Z0 x VeJ SO x y[J0~ 


0.0476 in (12) 


Thus the width of a conductor whose characteristic 
impedance is 50 ohms on a substrate whose thickness 
is 0.020 inches, with a dielectric constant of 10.0, is 
0.0476 inches. The original schematic takes on a new 
aspect — dimensions (see fig. 5). 

The input capacitance of 4.138 pF and output 
capacitance of 2.54 pF will be synthesized using 
microstrip techniques. Generally, if the width of a seg¬ 
ment is twice as wide as the length, the section looks 
like a shunt capacitor. 

The capacitance of a parallel plate capacitor is: 


C (pF) = 


0.224 A c r 
d 


(13) 


where: 


A is the area of the plate in square inches 
d is the separation of the plates in inches 
6 r is the dielectric constant 
Solving for A: 


(Cl) (d) J4.138) (0.020) 

(0.224) (e r ) (0.224) (10) 
A l = 0.0369 ini 


Similarly: 

A2 = ( C2 > M = QiMl (0 020) 

(0.224) (t r ) (0.224) (10) 
= 0.0227in 2 


(14) 


(15) 



fig. 6. Input and output matching structure dimensions. 
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fig. 7. Feedback network improves amplifiers tempera¬ 
ture-handling capability. 


The circuit now takes on the appearance of that shown 

in fig. 7. 

The basic radio frequency input and output matching 
structure is now defined. 

This matching structure was based on S parameters 
which were stated for a given Vqs and Ids- A GaAs- 
FET device is a transconductance device; this simply 
means that it's a voltage-controlled current source. 

feedback and biasing 

This brings up the means by which the devices 
should be biased. A quick glance at the data sheet 
reveals the NE388 will require a Vqs of approximately 
-3.0 volts to maintain a Vq$ = 3.0 volts and Iq$ = 
10.0 milliamperes. But the Vqs necessary to maintain 


zoo 



-!5V 

fig. 8. Complete distributed and lumped component 3GHz amplifier circuit. 


We wish to make the width of the section twice as 
wide as the length. Therefore, 

dl (16) 


29J = A1 12 = 


Z 


IAJ 


J* 


0369 


— 0,1358 in 


Similarly: 



- 0.1065 in 


(17) 


these aforementioned bias conditions can vary be¬ 
tween -2.5 to -3.5 volts — a production nightmare, 
especially if the unit must operate between - 55 and 
+ 70 degrees C. Solution: use a servo — Le., a feed¬ 
back circuit! 

I suggest the circuit shown in fig. 8 because I know 
it works well over a wide range of temperatures. The 
microwave matching network components are left out 
for simplicity. 

The three critical items in this circuit are the stabili¬ 
ty of the + 5.0 volts, the accuracy and stability of the 
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200-ohm resistor, and the 3.0~volt reference. The diode 
prevents the possibility of a positive voltage being 
applied to the gate. A positive voltage on the gate 
without considerable current limiting would damage 
the device. 

The voltage divider consisting of the 37.4-k and 
27.4-k resistors prevent the gate to source voltage 
from exceeding -8.0 volts during initial turn-on. The 
dc bias, namely the Vps and Vgg is applied to the 
NE38B through the use of high-impedance, quarter- 
wave, short-circuited stubs. The short circuit at 3 GHz 
is accomplished by wire-bonding the end of the stub 
to a 100-pF chip capacitor that is connected to ground. 
Remember, a quarter-wave long transmission line 
short-circuited on one end looks like an open circuit 
on the other. The design procedure results in the realiz¬ 
able 3-GHz amplifier circuit shown in fig. 9. 
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simple VHF/UHF 

multiple quarter-wave filters 


Individual 
or cascaded sections 
provide required 
harmonic suppression 

Thanks to the simplicity of its design, construction, 
and alignment, the half-wave, low-pass configuration 1 
is one of the most popular transmitter filters at VHF 
and UHF. 

The half-wave filter, consisting of two pi sections 
of inductors and capacitors in cascade (see fig. 1), 
is so named because the output signal is delayed one- 
half wavelength* at the highest design pass frequen¬ 
cy. Just as in the case of a ha If-wave length transmis¬ 
sion line, the same impedance seen at the output 
terminals of the half-wave filter is presented to the am¬ 
plifier at the filter input terminals. The principal use 
of this filter is simply to reduce transmitter harmonics. 

This article shows how to calculate the values for 
quarter, half, three-quarter, and full-wave VFIF/UFIF 
filters. The effects of varying the circuit Q will be ex¬ 
plored. If reasonable construction techniques are used, 
a guaranteed minimum level of attenuation can be ex¬ 
pected for transmitter harmonics, even without using 
test equipment for alignment. Multisection filters have 
been constructed using lumped constants for the 6, 
2 , and 1-t /4 meter bands, with very good agreement 
to theoretical values. Microstrip quarter-wave and half¬ 
wave filters have also been built for the 432- and 
1296-MHz bands. Half-wave filters for the hf band can 
be constructed using standard values contained in 
tables 2 3 without need for adjustments. At VHF how¬ 
ever, construction techniques dictate that the filter ac¬ 
tually be adjusted for best performance, usually with 

*The signal i$ delayed 180 degrees or the equivalent that would occur in a 
properly terminated half-wave electrical transmission line. — Ed. 


I a grid-dip meter. At UHF, construction practices re¬ 
quire the use of a reproducible pattern found in micro¬ 
stripline form. If the same printed circuit board type 
and thickness are used, similar performance can be 
assured without any alignment. 

reducing interference 

There are many reasons — legal, environmental, 
and ethical — for reducing spurious and harmonic 
emissions. According to Part 97.73 of the FCC Rules 
and Regulations for the Amateur, 'Spurious emissions 
(including harmonics) must be 40 dB below the carrier 
power for a transmitter operating below 30 MHz. If 
the transmitter has an output power of 5 watts or less, 
the spurious at the transmitter output need only be 
reduced by 30 dB. Harmonics for transmitters and 
power amplifiers operating in the 30- to 235-MHz range 
must be reduced 60 dB below the carrier level. Trans¬ 
mitters below 25 watts output need to attenuate har¬ 
monics by only 40 dB." 

With a typical amplifier, the second harmonic is only 
20 to 30 dB down and the third harmonic is 30 to 40 
dB down from the fundamental carrier (fig. 2). When 
the harmonic content of a transmitter, exciter, or 
oscillator is monitored on a spectrum analyzer or sen¬ 
sitive receiver, the carrier should be "notched-out" as 
much as possible. The input mixer of the spectrum 
analyzer or the front end of a receiver is prone to 
generate harmonic energy when driven by a large 
carrier signal, and will indicate greater harmonic energy 
than is actually present. The common method of 
determining if the amplitude of a transmitter harmon¬ 
ic is real is to place an attenuator in front of the 
spectrum analyzer. If the harmonic drops by an 
amount greater than the value of the inserted atten¬ 
uation, then the harmonic was generated in the mixer 
of the analyzer. 

In a balanced (i.e., push-pull) amplifier design, the 
second harmonic power will typically be down better 
than 30 dB (depending on circuit balance). The odd 
order (third, fifth) harmonics, however, will remain 
high (-20 dB). Thus the principal filtering response 

By Ernie Franke, WA2EWT, 10484 138th Street, 
Largo, Florida 33544 
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required by a low-pass filter on a balanced amplifier 
will be out at the third harmonic. 

design 

The basic building block of the multiple quarter- 
wave filter is the quarter-wave pi network shown in 
fig. 3. Cascading of these quarter-wave networks 
forms the half-wave, three-quarter wave, and full- 
wave filters, providing the theoretical frequency 
responses shown in fig. 4. Experimental results for 
various section VHP filters are also shown. As each 
section is added, the slope of the stop-band becomes 
steeper. The responses of several filters constructed 
using lumped constants are shown to agree reason¬ 
ably well with the theoretical values. 

The inductive and capacitive reactances of the 
quarter-wave filter are chosen to be equal to the source 
and load impedances, typically 50 ohms. 



as two L-networks connected together, fig. 5. The Q 
of each Lnetwork is given as 

QJ = Rl / X a - 2rfCl RJ and (3) 
Q2 = R2 / X C2 = 2irf C2 R2 

The total circuit Q is equal 4 to the sum of the individual 
G's: 
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fig, 5. The basic building block may be split into two L 
matching networks. 


Qt = QJ + Q2 (4) 

and because of symmetry, 

Qt = 2Q1 (5) 

The reactance, X|_, of the inductor and the reactance, 
X c , of each capacitor is 

X, = R1Q t / UQ r 2 / 4) + 1J = (6) 

2R1Q1 / (QP + 1) = 2irfL; 

L = R1Q1 / rf (QP + 1) 

X c = Rl / QI; C = Ql / Rl 2itf (7) 


For a 50-ohm source and load, 

L = __ and r _ QI_ 

vf (Ql 2 + 1) 50 (2itf) 

In an L-network for a Q of 1, which yields an overall 
network Qj of 2, the value of the inductance and each 
capacitance is 

L = 50 (!) / irf (2) = 50 / 2vf t (9) 

C = (!) / 50 (2irf) = !/ 50 (2irf) 

The filter for several values of overall Q-f have been 
calculated using the elements calculated according to 

L = RIQr / [(Qt 2 / 4) + !](2itf) (10) 

C = Q r / R! 4wf 




fig. 7. Several quarter-, half-, three-quarter, and full-wave 
filters were constructed using scrap PC boards. 
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Table 1. Basic quarter-wave filter elements. 


shunt capacitor series inductor 


frequency 

value 

value 

wire size 

number turns 

diameter 

54 MHz 

59 pF 

147 nH 

No. 14 

4T 

3/8 inch ID 

148 MHz 

22 pF 

54 nH 

No. 14 

2T 

1/4 inch ID 

25 MHz 

14 pF 

35 nH 

No. 14 

1 inch high, 1/2 inch wide hairpin 



fig. 8. At 220 MHz, the inductors take the shape of hairpin 
inductors. 


* 

i 



fig. 9. High-power filters require larger size wire and larger 
capacitors. 

The response of the quarter-wave filter for various 
values of total Q is plotted in fig. 6. 

The simple quarter-wave pi section may be thought 
of as consisting of two L-section matching networks, 
with the first L-network transforming the source im¬ 


pedance of 50 ohms to a lower value and the second 
L-section transforming this virtual impedance back to 
50 ohms. If the network has a Q of 1, the virtual im¬ 
pedance will be 25 ohms. The value of the virtual im¬ 
pedance depends on the circuit Q: 

Rvirtual ~ Rsource / (Ql~ ^ 0 (TH 

The half-wave filter in fig. 1 is formed by cascading 
* two quarter-wave filters. The shunt capacitors at the 
junction of the two quarter-wave filters may be com¬ 
bined into a single capacitor. As the power through 
the filter is increased, it is better to use two capaci¬ 
tors to support the increased current. 

construction 

At VHF and UHF, the ground plane of a filter must 
be given careful thought (see figs. 7 and 8 and table 
1). Appreciable inductance in the ground path will 
cause extra resonances to appear, especially at the 
higher frequencies. Harmonic energy must not be 
allowed to "sneak around" the filter due to extraneous 
ground paths. The capacitors must also have low- 
inductance leads. Metal-clad, uncased precision mica 
and teflon capacitors 5 * 6 can be used at VHF to mini¬ 
mize this lead inductance by soldering the case directly 
to the ground plane. The coils 78 are self-supporting 



fig. 10. Microstripline filters use either printed or hairpin in¬ 
ductors. 
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and wound with No. 14 formvar-covered wire. Higher 
power filters (fig. 9) require larger wire and more capa¬ 
citors in parallel to handle the increased current. 

432- and 1296-MHz quarter-wave filters can use a 
microstripline structure with either (fig. 10) printed or 
hair pin inductors. The lumped capacitors are shaped 
to have minimal series inductance and the pc induc¬ 
tors are formed by "'necking down" the center con¬ 
ductor (0,025-inch wide and 1.225 inches long at 450 
MHz and 0.424 inches long at 1.3 GHz.) Type N 
launchers were added at the edge of the printed cir¬ 
cuit boards. 9 Table 2 includes dimensions for these 
same two filters using hair-pin inductors. The ex¬ 
perimental results, comparing hairpin inductors with 
etched printed lines, are shown in fig. 11. 

adjustment 

Because most hams don't have sweep generators 
for checking filter response at the second, third, and 
fourth harmonics, it's best to construct simple VHF 
filters using lumped elements, which can be readily 
adjusted using a grid-dip meter. If reasonable con¬ 
struction practices are followed, one can expect a 
certain minimum guaranteed performance at the har¬ 
monics because adjustments have been made to en¬ 
sure minimum loss at the design frequency. The simple 





quarter-wave filter is adjusted to the design frequen¬ 
cy by shorting out a capacitor at either end of the pi 
network and adjusting the inductor for resonance, with 
the source and load impedances removed, as shown 
in fig. 12A. This effectively forms a parallel resonant 
circuit with C and L. The short circuit should be placed 
close to the common ground plane to decrease series 
inductance. Using a grid-dip meter, adjust the coil to 
resonate with the open capacitor at the design fre¬ 
quency. Adjust the half-wave filter in a similar manner 
by shorting the "double-value" capacitor and then ad¬ 
justing each coil to resonance, as in fig. 12B. Adjust 
the three-quarter wave filter in a similar manner, as 
shown in fig. 12C. The center coil is simply adjusted 
to physically resemble the outer coils. Each of the 
filters for which data is shown in fig. 4 was adjusted 
in this manner and then measured with no further 
peaking. 

The coils may also be adjusted for resonance with- 


Design 

Frequency 

Dimensions 

Values 

A 

B 

C 

Cl 

C2 

LI ,2 

Height 

Width 

450 MHz 

0.334" 

0.694" 

2.0" 

7.07 pF 

14.1 pF 

17.7 nH 

1/2" 

1/4" 

1,300 MHz 

0.228" 

0.472" 

1.0" 

2.5 pF 

4.9 pF 

6.1 nH 

1/4" 

1/8" 


Table 2. Hairpin inductor multipie-quarter-wave filter dimensions. 
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out the short circuit. The inductor in the quarter-wave 
circuit of fig. 12A will resonate with the series com¬ 
bination of the end capacitors. The value of capaci¬ 
tance will then be one-half the value of either 
capacitor, with a resonant frequency of 

f resonant = V2 fo = 1.414 fo (12) 

The resonant frequency is 76 MHz, for example, for 
a 6-meter low-pass filter designed for an upper cutoff 
frequency of 54 MHz. The half-wave circuit shown in 
fig. 12B may be adjusted without using a short in a 
similar manner if only one inductor is connected at a 
time. The resonant frequency formed by 2C, L, C is 

/resonant = T fo = 1.225 fo (13) 

which is 66 MHz for an upper cutoff frequency of 54 
MHz. If both inductors are present, the circuit will res¬ 
onate at %T2 fo. The resonant circuit will be com¬ 
posed of a capacitor of 2C in parallel with two series 
circuits of L and C. 

Hairpin inductors are adjusted for minimum loss 
using the transmitter and a power meter. As the hair¬ 
pin is adjusted closer to the ground plane, the reso¬ 
nant frequency is decreased. The inductance is 


AMATEUR TELEVISION 


decreased, but the shunt capacity increases by a great¬ 
er amount. The insertion loss of the multiple quarter- 
wave filter increases if low quality components are 
used. Coils typically have a lower inherent Q than 
capacitors. The dissipative insertion loss for a quarter- 
wave filter is given by 

Dissipative Loss (dB) = (14) 

JO Jog [/ -(Qr / QconJ ] 

The loss for a half-wave filter is simply twice the loss 
of a quarter-wave filter. 
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HAMS SHOULD BE SEEN 
AS WELL AS HEARD! 

TVC-4G 70cm ATV 
Downconverter 

Now only $99 

Delivered UPS surface 
In cont. USA 

• See live action color & sound like broadcast TV 

• Many areas have ATV Repeaters (call us or see the 
87/88 ARRb Repeater Directory pg. 328 for your area) 

■ Most ATVers use home cameras and VCRs to 
show the shack, projects, home video tapes, 
public service events like parades, races, etc. 

• Some repeaters also have weather radar, Space 
Shuttle video, BBS, & computer video 

It's easy to start watching : 70cm antenna, a TVC-4G 
and any TV set tuned to ch2, 3 or 4. Our TVC-4G tunes 
the whole 420-450 mHz band & includes GaAsfet 
preamp & mixer, AC/12vdc wall plug, attractive shielded 
4x2.5x7 cabinet. We also have wired & tested boards for 
the builder starting at $39. See ARRL Hbk chapter 20. 
When you are ready to try transmitting, we have 
transmitters, transceivers, antennas, and all your ATV 
needs for the 70, 33 & 23cm bands. 

Hams, Call or Write for our full catalog of ATV gear! 

(818) 447-4565 m-f 8am-5:3Qpm pst. fgfl 

Tom (W60RG) 
Maryann (WB6VSS) 


P.C. ELECTRONICS 

2522 Paxson Ln Arcadia CA 91006 
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PRACTICALLY SPEAKING 


revisiting the "poor 
man's spectrum 
analyzer": 
digitally generating 
sawtooth (and other) 
waveforms 

In the March, 1987 column we dis¬ 
cussed the "Poor Man's Spectrum 
Analyzer/' which I built from an article 
published by W4UCH. 1 The design 
was originally put together by Murray 
Barlowe, WA2PZO, of Science Work¬ 
shop. 2 In that column I mentioned that 
the sawtooth generated for that 
project left something to be desired, 
and offered a digitally generated im¬ 
proved sawtooth generator design to 
anyone who sent me a No. 10 SASE. 
Nearly 30 people wrote to me either via 
ham radio , my old callbook QTH, or 
my new QTH (see end of this article). 
As a result, I've’decided to publish that 
circuit here. The response to my offer 
delighted me because it indicates that 
the doomsayers are wrong: Amateur 
construction is not dead! 

Figure 1 shows part of the problem 
with the original sawtooth generator 
circuit. In my previous column on this 
subject, I showed several different 
sawtooth waveforms that were worse 
than fig. 1; this version is the best 
case. The waveform has two defects 
which adversely affect the operation of 
the spectrum analyzer. First, the rising 
ramp part of the sawtooth isn't linear. 
Because the original design was a 
capacitor charge/discharge circuit in 
the form of a Miller integrator, the 


ramp naturally has a shape like the 
normal capacitor charge waveform. 
What's required of a proper sawtooth 
is a linear ramp. The second defect is 
the fall-time: it's too long. Use of a few 
low-cost digital components produces 
a better sawtooth waveform. 



fig. 1 Best waveform available from the 
sawtooth generator. 


The circuit for the new sawtooth 
generator is shown in fig. 2. The heart 
of this circuit is U1, a DAC0806 eight- 
bit digital-to-analog converter (DAC). 
This DAC, based on the Motorola 
MC-1408 family of DACs, was selected 
because it's well behaved and available 
through mail order sources such as 
Jameco Electronics 1 or in blister packs 
through Jameco's local distributor line 
of Jim-Paks . 

A DAC produces an output voltage 
that is proportional to the reference 
voltage or current and the binary word 
applied to its digital inputs. The trans¬ 
fer function of this DAC is: 



A 

256 


(1) 


where: 

/q is the output current from pin 4; 

/ref is the reference current applied 
to pin 14, and 

A is the decimal value of the binary 
word applied to the eight binary inputs 
(pins 5-12). 

The reference current is the refer¬ 
ence voltage divided by the series 
resistor value at pin 14. In data systems 
the reference voltage is a precision, 
regulated potential. But in this case we 
don't need that precision, so we can 
use the V -F power supply as the refer¬ 
ence voltage. Therefore, the reference 
current is ( f 12 Vdc)/R4. With the 
value of R4 shown (6800 ohms), Ir E f 
is 0.0018 amperes, or 1.8 mA. Values 
from 500 /iA are permissible with this 
device. If you elect to change the refer¬ 
ence current, be sure to keep R4 equal 
to R5. 

The reference current sets the maxi¬ 
mum value of output current, \q. When 
a full-scale binary word (11111111) is 
applied to the binary inputs, the out¬ 
put current lo is: 

l„ = ( 1.8 nA )• ^ = ( 1.8 /iA) ( 2 ) 

25 6 

* (0.996) = 1.78 { u4 

the DAC0806 is a current output DAC, 
so we must use an op amp current-to- 
voltage converter in order to make a 
sawtooth voltage function. A circuit 
that accomplishes this is an ordinary 
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inverting follower without an input Vq). The 1-LSB voltage is the smallest where: 

resistor. The output voltage (Vo) will step change in output potential caused C is the capacitance in microfarads; 

rise to a value of (Iq x R3h by changing the least significant bit f is the -3~dB cutoff frequency in 

r 

The waveform produced by this cir- (B1) either from 0 to 1, or from 1 to Hz; 
cuit is shown in fig. 3. This waveform 0. You don't see it in fig. 3 because R3 is expressed in ohms, 

has a period, T, of about 5 ms (1/T = the frequency response of the 741 This circuit is synchronized by a 

200 Hz), and an amplitude of about 5 operational amplifier used for the clock oscillator consisting of a single 

volts. In fig. 3A, notice that the fall- current-to-voltage converter acts as a 555 1C timer. Although not a TTL 

ing edge is too fast for the oscilloscope low-pass filter to smooth the wave- device, the 555 is TTL-compatible 

camera to photograph (contrast this form. If a higher frequency op amp is when the V + potential applied to pins 

with the fig. 1 waveform). The lead- used, then a capacitor shunting R3 will 4 and 8 is limited to +5 Vdc. The 555 

ing edge of this latter waveform also serve to (low-pass) filter the waveform. is connected in the astable multivibra- 

represents an improvement. An ex- Although I haven't tried other op amps tor configuration and generates a +4 

panded view of the positive-going in this application, l suspect a -3 dB volt amplitude series of pulses. The 

ramp is shown in fig. 3B. frequency (f) of 1 or 2 kHz will suffice operating frequency is set by three 

The actual output waveform is a to smooth the waveform. The value of resistors (R1, R2, and RW) and capa- 

staircase of binary steps, each equal to the capacitor is calculated from: citor C7. The actual frequency is: 

the 1-LSB (Least Significant Bit) cur- * 1Q6 _ _ 1.44 _ 

rent of U1 (or the 1-LSB voltage of C = 6.28 R3 • / (3) * = (fRl + RW) + 2R2) C7 141 
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where: 

f is the frequency in Hz; 

C7 is in farads; 

R1, R2 and RW are in ohms. 

Select a clock frequency that is 256 
times the desired sawtooth sweep fre¬ 
quency. For most spectrum analyzer 
projects the sweep frequency range 
will be 10 to 200 Hz. Slower rates make 
viewing on the CRT screen difficult, 
while faster rates may tend to "ring"' 
the bandpass filter used in the i-f am¬ 
plifier section. 

waveform selection 

As electronic music buffs will testify, 
we can get almost any waveform we 
need by applying the right binary 
words to the digital inputs of the 
DAC0806. Because I wanted a saw¬ 
tooth waveform, the DAC inputs were 
connected to the outputs of an eight- 
bit binary counter built from a pair of 
7493 TTL base-16 counter chips. Each 
chip is a four-bit counter, so they are 
cascaded to produce the eight-bit 
binary word needed to drive the DAC. 
If you want a detailed description of 
this chip, I recommend Don Lancas¬ 
ter's book TTL Cookbook / The func¬ 
tion of this counter is to increment in 
steps from 00000000 to 11111111 
under control of a clock signal applied 
to the input (pin 14) of U2. You could 
use any eight-bit counter that outputs 
a TTL-compatible signal in place of the 
7493 devices that I selected. The 7493 
was chosen for the best of all engineer¬ 
ing reasons: I had a pair of them in my 
junkbox. 

If you want a triangular waveform, 
then it's possible to replace the 7493 de¬ 
vices with a base-16 up/down counter 
chip. Arrange the digital control logic 
to reverse the direction of the count 
when the maximum state (11111111) 
is sensed. 

There are two ways to generate 
waveforms other than a sawtooth or 
triangle, and both of them involve 
using computer memory. The binary 
bit pattern representing the waveform, 
and then output in the right sequence, 
are stored in memory. One method 
uses a ROM that you pre program with 
the bit pattern. A binary counter cir- 



fig. 3A. Waveform fiom the digital sawtooth 
generator; three successive waves. 



fig. 3B. Waveform from the digital sawtooth 
generator, expanded to show greater detail. 

cuit connected as an address genera¬ 
tor selects the bit pattern sequence. 
The second method stores the bit 
pattern in a computer, then outputs it 
under program control via an eight-bit 
parallel output port. This method is 
usable for both generating special 
waveforms and for linearizing the tun¬ 
ing characteristic of the spectrum 
analyzer. 

The varactor TV tuner that forms 
the basis of this project has a nonlinear 
voltage vs. frequency characteristic. 
This is due to both the nature of var¬ 
actor diode voltage vs. capacitance 
curves, and to the fact that the 
change of frequency in an LC tank cir¬ 
cuit is proportional to the square root 
of the change in capacitance. For this 
reason I suspect that the actual mathe¬ 
matical function of the curve is basi¬ 
cally parabolic (Le., it looks as if it 
might approximate a quadratic "aX 2 + 
bX -f c" function). 

There are a couple of methods that 
can be used for the linearization 
process. First, the analog method in¬ 


volves the use of an XY/Z analog mul¬ 
tiplier divider circuit (a special 1C). 
These devices can be connected as a 
"square rooter" stage. There are two 
problems with this: first, that the 
values of the constants must be deter¬ 
mined (which is not so easy) and 
second, that many of these ICs tend 
to be either expensive or temperamen¬ 
tal, especially to changes in tempera¬ 
ture. However, there is a digital 
solution. 

The digital solution to the lineariza¬ 
tion problem involves storing a look¬ 
up table in either a ROM or computer 
memory. I learned this system in a 
medical electronics laboratory where it 
was once used to linearize low-level 
pressure transducer measurements. 
Figure 4 shows a generic version for 
a voltage that represents some 
parameter P, which in our case might 
be the frequency of the spectrum 
analyzer local oscillator. The actual 
nonlinear curve could be any shape, in¬ 
cluding parabolic, while the "ideal" 
curve is a linear function Y = mX + 
b, where b = 0. The idea is to meas¬ 
ure the ideal voltage (which in our case 
is generated by the sawtooth or tun¬ 
ing control) with an A/D converter, 
and then output a binary word to a 
DAC that represents the actual re¬ 
quired voltage. For example, at point 
PI the ideal voltage, is 0.9 Vdc, while 
the actual voltage is 0.68 Vdc. When 
the computer senses an ideal voltage 
of 0.9, it creates an actual voltage of 
0.68 in order to drive the tuning to the 
correct frequency. 

Another concept is to go all digital, 
except for the DAC that creates the 
actual tuning voltage. We could, for 
example, divide the spectrum up into 
N segments and store the binary codes 
for the correct tuning voltages in 
memory for each discrete point. The 
value of N corresponds to the bit 
length of the DAC. Figure 5 shows a 
simplified block diagram of such a sys¬ 
tem. Tuning is controlled by a clock 
that drives the binary counter. The N- 
bit binary word output from the coun¬ 
ter is routed to the address pins on the 
ROM. Contained in the ROM is the bit 
pattern for each of the 2 N discrete vol- 
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tages that can be generated by the 
system. The correct binary word cor¬ 
responding to this calibrated discrete 
potential is routed to the DAC, which 
generates the correct voltage. I haven't 
developed this circuit, but suspect that 
it wouldn't be too difficult once an 
accurate and correct voltage vs. fre¬ 


quency chart is known for any given 
tuner (that curve is the source of the 
data that is contained in the ROM). 

a note from WA2PZO 

After my initial column on this topic 
appeared, WA2PZO sent me a note on 
the feedthrough capacitors used in the 


project. (I had complained about the 
high cost, but have since learned that 
Dick Smith Electronics 5 stocks them 
for less than 50 cents each.) Murray in¬ 
forms me that he no longer advises 
bypassing a// of the leads because the 
capacitance tends to integrate the 
waveform, makes the receiver less us- 
ab/e as a monitor receiver, and in¬ 
troduces a little instability. If you 
installed bypass capacitors on the 
leads into the shielded i-f box, remove 
all of them except the one on the +12 
Vdc regulated power supply line. 

One reader wrote about an "invert¬ 
ed scope image" problem, which I am 
at a loss to describe. If anyone has had 
this problem and solved it, then please 
pass the solution on to me and I'll pass 
it on to the affected reader. If it's of 
sufficient interest, perhaps we'll find 
space to cover it in a future issue. 

WA2PZO now has a tracking gener¬ 
ator kit available for the "Poor Man's 
Spectrum Analyzer." It consists of a 
modified tuner and some extra parts 
that go on the SW-6006 i-f board. 
Write to him for details. In the mean¬ 
time, I'm planning to build it and evalu¬ 
ate it in this space sometime in the 
future. I don't want to devote much 
space to this project because of all the 
other pressing issues that interest read¬ 
ers .. . but a tracking generator has 
definite possibilities! 

references 
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and handling.) 
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TECHNIQUES 


happy days are here 
again? 

Something happened last spring. 
After many months of mediocre con¬ 
ditions, the DX bands came alive. 
Twenty meters was open until almost 
midnight, alive with mouth-watering 
signals. Long-distance DX contacts, 
heretofore a weak, watery SI to S2, 
were now booming in S9-plus. I 
amazed myself by working a UA1 on 
15 meters, something that hadn't hap¬ 
pened for many years. DX signals were 
even coming through on 10 meters! 

Although this activity decreased 
somewhat with the summer lull and 
high static level, it seems to be pick¬ 
ing up with increased vigor this fall. For 
Amateurs licensed within the last five 
years, radio conditions over the next 
several years — as the sunspot cycle 
increases rapidly — are going to hold 
big surprises. . . you ain't seen nothin' 
yet! 

the two-band loop antenna 

It's not easy to get an effective DX 
antenna that will work on both 80 and 
40 meters. By "80 meters," I mean 
both CW operation at the low end of 
the band and SSB operation near the 
DX slot at 3.8 MHz. It looks as if Jack 
McCullough, W6CHE, has found an 
answer — providing you have a 
modest tower and a small amount of 
real estate. Jack's solution to the 
80/40-meter dilemma is shown in fig. 
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fig. V W6CHE 40- to 80-meter quad loop. 
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fig. 3. Operation of W6CHE ioop at end of 40-meter band {relay open). 


1. The basic antenna is a single 
80-meter diamond-shaped Quad loop 
measuring 65 feet on a side and hung 
from the top of a 75-foot tower. Since 
the overall height of the diamond from 
base to apex is about 90 feet, the loop 
plane is tilted out at the base, away 
from the tower. The assembly, thus, 
is not in the vertical plane. If you have 
a higher tower, the loop can be mount¬ 
ed in the vertical plane. 


The loop is fed with a 50-ohm coax 
line, plus a 48-foot section of RG-11 /U 
(75 ohm) coax which serves as a 
matching transformer. The line is cut 
to 3850 kHz with the aid of a dip meter. 

80-meter operation 

A double-pole relay is placed be¬ 
tween the matching section and the 
feedpoints of the loop. When the re¬ 
lay is closed, the loop is resonant at 3.8 


MHz. When the relay is open, the loop 
is lengthened by means of an 18-foot 
section of 450-ohm open-wire line. The 
loop is now resonant near 3.6 MHz 
(see fig. 2). Thus, by the flick of a 
switch, the antenna can be made res¬ 
onant at either end of the 80-meter 
band, providing a low value of SWR 
to the transmitter. 

40-meter operation 

Operation across the lower portion 
of the 40-meter band is possible when 
the relay is either open or closed. The 
best situation is shown in fig. 3, with 
the relay in the open position. The 
operating range, as defined in the 
curves, is about 7.0 to 7.25 MHz. 

The secret of moving the Quad loop 
about in frequency is the length of the 
matching stub. Obviously a different 
length stub is required for operation at 
the high end of the 40-meter band. 

The final W6CHE loop design is 
shown in fig. 4. Two relays and two 
stubs are used. One stub is 15 feet long 
and the other is 4 feet long. In series 
connection, they represent a stub 
about 19 feet long. The stubs are 
switched in and out of the circuit by 
means of a two-pole, three-position ro¬ 
tary switch at the operating position. 
Power is applied to the relays by 
means of a separate switch which 
energizes the dc supply. Switching se¬ 
quence for the various frequency 
ranges is listed in table 1. 

a temporary wire antenna for 
80, 40 and 20 meters 

A friend of mine moved into a tem¬ 
porary location and wanted to get on 
the high frequency bands with an un¬ 
obtrusive antenna. He and I thought 
about it for a while and finally decided 
on an end-fed wire working against a 
radial ground system (fig. 5). On 160 
meters, the antenna is about 3/16 
wavelength long; on 80 meters, about 
3/8 wavelength; on 40 meters, about 
3/4 wavelength; and on 20 meters, 
about 3/2 wavelengths. On all bands 
except 160 meters, the feedpoint im¬ 
pedance runs between 65 and 180 
ohms. On 160 meters, it's about 10 
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CONVERT TO 10 METERS 


Table 1. Switching sequences for W6CHE loop. 


Frequency Range 

SW1 

SW2 

Total Stub 

(kHz) 



Length 

3500-3650 

open 

— 

19 feet 

3550-3750 

closed 

Position 1 

15 feet 

3700-3900 

closed 

Position 2 

4 feet 

3750-4000 

closed 

Position 3 


7000-7125 

open 

— 

19 feet 

7125-7300 

closed 

Position 1 

15 feet 
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fig. 4. Dual-relay arrangement for operation on the different segments of the 40- and 
80-meter bands {see table 1), 


ohms. An L-network at the base is 
used to feed the antenna. 

Successful operation depends upon 


a good radial ground termination at the 
base of the antenna. A combination of 
two ground rods, plus quarter-wave 
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radials laid upon the surface of the 
ground will do the job. The more radi¬ 
als, the better. 

In this particular installation, the ver¬ 
tical portion of the antenna is about 35 
feet, or approximately a half-wave¬ 
length on 20 meters. 

Since the antenna terminates just 
outside the radio room, the network is 
placed in a waterproof box that can be 
reached in seconds when a band 
change is desired. 

The antenna was adjusted first on 80 
meters. The terminals at A-A were 
shorted together with a one-turn loop 
and the antenna cut for resonance at 
3.5 MHz, with the aid of a dip meter. 
The flat-top was pruned to achieve the 
proper electrical length. This makes 
the antenna slightly short for operation 
on 40 and 20 meters, but the L-net- 
work takes care of the situation. It also 
permits operation of the antenna at the 
high-frequency end of the 80-meter 
band with a low value of SWR at the 
transmitter. The L-network capacitor 
is reversed by SI for 160-meter oper¬ 
ation, and the frequency response 
without retuning on this band is only 
about 25 kHz. 

While its performance on 20 meters 
isn't equal to that of a Yagi on a 
60-foot tower, it does permit plenty of 


enjoyable QSOs in a location where a 
more robust and permanent antenna 
would be impossible to erect. 

15-meter Yagi 

I received a letter from "Mac" 
McDaniel, W4PF2, that brought joy to 
my heart. Mac says: 

Back in the February , 1955, issue of 
CQ, you described a two-element Vagi 
with data for making it a three-element 
array. / was living in Richmond, Vir¬ 
ginia, at the time and made an exact 
copy of the beam. It had plenty of 
gain, and local hams were surprised at 
the front-to-back ratio, which seemed 
to be about 36 dB. 

Over the course of many years / 
have moved frequently and the beam 
has been disassembled and reassem¬ 
bled several times. I now have the 
original beam up on a 55-foot wooden 
pole . Every time / check the front-to- 
back ratio on ground wave / come up 
with numbers between 32 and 38 dB. 

/ adhere to the philosophy of "if it 
ain't broke, don't fix it ," and have 
never changed a single dimension 
since first building the beam in 1956. 
Eve replaced the variable gamma ca¬ 
pacitor several times and reset it for 
resonance at 21.3 MHz, which takes 
about 10 minutes. 


The last time / reworked the gam¬ 
ma match, / did it with the beam near 
the ground, pointed up at the sky. It 
was easier than working atop the pole 
and the final result is no different than 
adjusting the match at the top of the 
pole. 

I thought you might like to hear 
about the success obtained from fob 
lowing your construction information 
in an article written over 30 years agoI 

Designed long before computer- 
aided programs were available, the 
beam Mac speaks about represents a 
configuration determined by field 
strength measurements made on a 
crude antenna range. The inner por¬ 
tions of the elements were made of 
12-foot lengths of 1-inch diameter alu¬ 
minum tubing and the tip sections 
were made of 7/8-inch diameter tub¬ 
ing. Elements were attached to the 
boom by means of 8 x 8-inch alumi¬ 
num plates oriented diagonally so the 
actual contact with the boom and the 
elements was about 11 inches. 

The ends of each center element 
were slotted with a hacksaw to a depth 
of about 1 inch and stainless steel hose 
clamps were tightened around the 
slots. A band of red paint was put 
around each outer section so it could 
be reassembled exactly as it was 
originally. 

Since 15 meters is coming back to 
life. I'm reprinting my original Yagi de¬ 
sign for those DXers who might want 
to build their own beam (fig. 6.). 

The boom is a single section of 
heavy-wall tubing, 1 inch in diameter. 
Dimensions are given for resonance at 
21.3 MHz. 

The only adjustment required is that 
of the gamma matching device. 
Length and spacing of the gamma rod 
are set as illustrated and a small 
amount of power is fed to the beam 
via an SWR meter. The variable capac¬ 
itor is adjusted for the lowest value of 
SWR. In some cases, it may be neces¬ 
sary to move the shorting strap be¬ 
tween the driven element and the 
matching rod a few inches one way or 
the other to achieve a near-unity SWR 
figure. 
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fig. 6. The W4PFZ version of the original W6SAI beam for 15 meters using 12-foot boom. 


Although I've never done it, W4PFZ 
suggests that the beam can be adjust¬ 
ed on the ground by supporting it in 
a vertical position, with the director 
pointing up at the sky and the reflec¬ 
tor clear of the ground by a few feet. 
This sounds a lot easier than hanging 
by your heels atop the tower to adjust 
the gamma capacitor! 

In the original design, the gamma 
capacitor was mounted inside a 3 x 4 
x 5-inch aluminum "minibox." It was 
isolated from the box by means of an 
insulating plate. The box was ground¬ 
ed to the antenna boom. A coax fit¬ 
ting for the feed line was placed on one 
end of the box and a ceramic feed¬ 
through insulator at the other end of 
the box supported the gamma rod. 
The shaft of the capacitor could be ad¬ 
justed through a hole in the box. After 
adjustment, the hole was closed with 
several layers of tape to prevent water 


from entering the box. The seams of 
the box were coated with roofing com¬ 
pound for the same reason. 

Commercial 6061 or aircraft alloy 
2024 tubing are recommended for con¬ 
struction of the elements. To retard 
oxidation at the element joints, a spe¬ 
cial lubricant, such as the grease em¬ 
ployed in industrial power installations 
that use aluminum conduits, is used. 
(Some of the trade names for this 
compound are Penetrox,® Cuat-aid, 
and Ox-guard The compound is 
smeared lightly over the tubes before 
they are joined. 

I don't know whether many Ama¬ 
teurs build their own beams from 
scratch today, or if they buy pre-cut 
kits from a manufacturer. I'll be in¬ 
terested to hear if anyone duplicates 
this proven antenna and what kind of 
results they achieve with it. Good luck! 
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minimum requirements 
for 2-meter EME: part 2 

Last month's column was an Intro¬ 
duction to 2-meter EME communica¬ 
tions, Including explanations of EME 
terminology. 1 With that information in 
place, we can concentrate on the mini¬ 
mum requirements, recommended 
equipment, and operating techniques. 

the minimum station 

As I stressed in earlier articles, 12 3 
the goal should be to build a station 
that allows you to hear your own 
echoes if all conditions are favorable; 

I call this the "minimum station" (fig. 
1). This setup includes the "built-in 
test" feature described in reference 1 
so you'll be able to verify that your 
gear is functioning properly. You'll not 
only be able to have successful EME 
contacts — you'll be able to quickly 
evaluate system changes and improve¬ 
ments as well. 

Table 1 shows the typical minimum 
parameters and equipment necessary. 
As you can see, the path loss is stag¬ 
gering compared with path loss on hf, 
where signals are typically attenuated 
only 75 to 175 dB. This is part of what 
makes EME communications such a 
challenging sport! 

It may be worthwhile for those who 
are mathematically inclined to see how 
EME path loss is calculated. Some¬ 
times the so-called "radar equation" is 
used 4 : 
eqn 1: 

Rmax ~ UPt G AJJ / ((4t)2 s min )] /4 

where Rm ax is the range in kilometers, 
P t is the transmitter power in watts, G 
is transmitter antenna gain in dBi, A e 


is the effective aperture of the anten¬ 
na in meters squared, 6 is the radar 
cross section of the target in meters 
squared, and S m j n is the minimum de¬ 
tectable signal in watts. 

Because eqn. 1 isn't easily adapt¬ 
able for Amateurs on EME, I prepared 
eqn. 2, which is oversimplified and not 
applicable to the higher bands, where 
the sky noise is very low. This simpli¬ 
fied "2-meter EME radar equation" is 
useful for evaluating the elements of 
a station that uses the same antenna 
for transmitting and receiving. The 
reference is the received signal level at 
the antenna feedpoint based on a 
50-ohm impedance: 

P r - P ( + 2(GJ - Pi eqn. 2 

Where P r is the received signal power 
in dBm (level with respect to 1 mil¬ 
liwatt), P t is the transmitted power in 
dBm measured at the antenna feed- 
point, G a is the antenna gain in dBi 
referenced to the feedpoint, and P| is 
the path loss in dB. 

For example, let's evaluate the mini¬ 
mum station shown in table 1. P t is 
the transmitted power at the antenna 
feedpoint, 500 watts or +57 dBm. G a 
is the antenna gain, +20 dBi. P| is the 
nominal path loss, or 252.5 dB. There¬ 
fore, the received power level at the 
feedpoint is approximately -155.5 
dBm (0.0038 microvolts), a very weak 
signal! (More on this shortly.) 

Antenna gain deserves some further 
comment. As mentioned before, when 
calculating EME performance, anten¬ 
na gains are usually specified in dBi 
(dB over isotropic), since the path loss 
is specified in the same terms. Just 
add 2.15 dB to any antenna gain speci¬ 


fied in dBd (gain over a dipole) and 
you'll be all set. If you use stacked an¬ 
tennas, you'll have to estimate the 
overall system gain (see references 5 
through 7). When estimating antenna 
system gain, don't forget to subtract 
the phasing line loss. 

As discussed in last month's col¬ 
umn, it is common EME practice to 
use the same antenna on both trans¬ 
mit and receive. The most important 
EME parameter in eqn. 2 is antenna 
gain; every time the EME antenna gain 
increases by 1 dB, the total system 
performance improves by 2 dB (1 dB 
stronger on transmit and 1 dB on re¬ 
ceive). Therefore, eqn. 2 clearly shows 
that you should spend most of your 
EME efforts on perfecting your anten¬ 
na system. 

The transmitted power is well under¬ 
stood. Any increase here is on a dB- 
for-dB basis. Generally, increasing 
transmitted power helps the other sta¬ 
tion hear you better. If you have a 1-dB 
feed line loss between the output of 
your final power amplifier and the an¬ 
tenna system, a typical setup on 2 
meters, 625 watts is required in the 
shack so that the required 500 watts 
will be present at the antenna. There¬ 
fore, increasing the transmitter output 
to the new FCC limit of 1500 watts will 
increase your signal by only about 3.8 
dB, at a considerable expenditure in 
power amplifier cost. 

Finally, there are the receiver con¬ 
siderations. The one most often dis¬ 
cussed parameter is the noise figure. 
Usually, the lower the noise figure, the 
more sensitive the receiver, and the 
better you can hear the weak signals 
returning from the moon. Flowever, on 
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fig. 1. This figure shows the primary elements of a "minimum" 2 meter EME station as described in the text. 


Table 1. This table shows the mini- 

mum requirements 

for successful 

2-meter EME echoes as discussed in 

the text. 

Path loss 

Minimum antenna 

252.5+1 dB 

gain 

Minimum transmitted 

20 dBi 

power at antenna 
feed 

500 wans ( +• 57 
dBm) 

Maximum receiver 
noise figure refer¬ 
enced to the antenna 
feedpoint 

1.5 dB 

Receiver bandwidth 

50 Hz 


2-meter EME the law of diminishing re¬ 
turns applies. You're limited not only 
by the feed line loss in the antenna sys¬ 
tem, but by the noise the antenna 
"sees" as well (see reference 1). If your 
antenna feed line loss ahead of your 
preamplifier is low (i.e., 0.5 dB maxi¬ 
mum), you probably won't gain much 
improvement by using a noise figure 


below 1.0 dB. This will be discussed 
below. 

a marginal 2-meter EME 
station 

By now you're probably wondering, 
"But what if I don't want to go all the 
way and build a minimum EME sta¬ 
tion? What are the minimum require¬ 
ments?" All other parameters being 
equal, the only requirement that has to 
be satisfied is that the sum of the an¬ 
tenna gains at both stations be equal 
to or greater than 40 dBi. Therefore, 
if the other station has a 25-dBi an¬ 
tenna gain, you can have successful 
QSOs with only a 15-dBi antenna gain 
— the gain of a single high-perfor¬ 
mance Yagi on a boom measuring 
three wavelengths or longer. 

If you have the minimum 20-dBi an¬ 
tenna gain and schedule a station 
sporting 25 dBi of gain, you can use 
power levels down to 5 dB lower, or 


as low as 150 watts at the antenna 
feedpoint! This explains why the "super 
stations" have been so successful; 
they have much greater gain than is re¬ 
quired for the minimum station and 
usually have very low feed line losses, 
with very low-noise receivers with the 
preamplifier mounted at the antenna 
feedpoint. Running the maximum legal 
power of 1500 watts, they've obviously 
overcome the inadequacies of smaller 
stations. 

Other EME tradeoffs are possible. 
Sometimes conditions are particularly 
favorable, especially if Faraday rotation 
cooperates, some scintillation en¬ 
hancement is present, the moon is 
near perigee, and the sky temperature 
is low. Furthermore, as mentioned in 
last month's column, "ground gain," 
though elusive, can sometimes result 
in several dB of enhancement. This is 
particularly important to stations that 
don't have antenna elevation control 
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(such as in a tropo setup) but want 
to try EME. Most of the super sta¬ 
tions will be glad to accommodate any 
schedule requests. 

EME antennas and antenna 
systems 

Since the antenna system is the 
main key to EME success, it should be 
discussed first. Many antenna types — 
rhombics, collinears, parabolic dishes, 
and Yagi arrays — have been used 
successfully on 2-meter EME. 

W3GKP and W4A0 used rhombic 
antennas in the early 1950s to hear the 
first successful Amateur EME echoes, 
which were on 144 MHz. 1 Stacked 
rhombics were later used by VK3ATN 
and then by VK5MC. For the type of 
gains required, rhombics must be very 
large, typically 40 to 50 wavelengths, 
or 275-350 feet on a side! A rhombic 
antenna is therefore practical only in 
a fixed configuration for horizon shots 
in a narrow EME window. Rhombics 
also have many sidelobes, so they 
can't be considered low-noise receiv¬ 
ing antennas. 

Collinears, both standard and ex¬ 
tended, were among the first really 
successful rotatable 2-meter EME an¬ 
tennas. They're not difficult to build or 
tune and usually have open wire phas¬ 
ing lines so losses are low and efficien¬ 
cy is high. Though collinears are large, 
some Amateurs were able to arrange 
them so they could be rotated not only 
in azimuth and elevation, but also 
in polarity; this option often makes 
the difference between success and 
failure. 

Parabolic dishes such as the 1000- 
foot diameter reflector at Arecibo, 
Puerto Rico, and the 150-footer at 
Stanford, California, were used several 
times for 2-meter EME in the 1960s, 
However, parabolic dish type antennas 
aren't too efficient (typically only 50 to 
55 percent), and really have to be at 
least 28 feet in diameter to be worth¬ 
while for 2-meter EME. Despite their 
shortcomings, dish type antennas re¬ 
quire only a simple feed system, 
they're usually low-noise on receive, 
loss to the receive preamplifier can be 
negligible, and they can be easily 


Table2 This table shows some of the most common individual antennas presently 
used on 2 meter EME along with boomlength, number of elements, and estimated 
gain. The gains shown represent my best judgment and are based on tests and 
reported results at 144 MHz; they may vary ±0.25 dB. 



boomlength 


gain 

gain 

name and/or manufacturer 

in wavelengths 

no. elements 

dBd 

dBi 

W1JR short Vagi 9 

1.73 

8 

11.35 

13.5 

NBS Yagi 

2.2 

12 

11.85 

14.0 

Cushcraft 214B Jr, Boomer Yagi 

2.2 

14 

12.1 

14.25 

Cushcraft DX-120 collinear 

na 

20 

12.5 

14.65 

Tonna (F9FT) 20116 Yagi 

3.15 

16 

12.5 

14.65 

KLM 13LBA Yagi 

3.2 

13 

12.5 

14.65 

CueDee Yagi 

3.1 

15 

12.85 

15.0 

NBS Yagi 

3.2 

17 

13.05 

15.2 

Tonna (F9FT) 20117 Yagi 

3.15 

17 

13.15 

15.3 

Cushcraft 3219 Boomer Yagi 

3.2 

19 

13.2 

15.35 

NBS Yagi 

4.2 

15 

13.55 

15.7 

KLM 16LBX Yagi 

4.1 

16 

14.15 

16.30 

Cushcraft 4218XL Yagi 

4.2 

18 

14.3 

16.45 

KLM 17LBX Yagi 

4.7 

17 

14.5 

16.65 

M 2 Entorpr/zes (K6MYC) 2M-5WL 

4.8 

18 

14.5 

16.65 

28-foot dish 

na 

na 

17.55 

19.7 

32-foot dish 

na 

na 

18.65 

20.8 

40-foot dish 

na 

na 

20.55 

22.7 


adapted to polarity rotation. Moreover, 
they can usually be operated on higher 
frequency bands if the the feed system 
is changed. 

Nowadays, the Yagi is "king” on 
2-meter EME. Over the last ten years 
Amateurs have expended a great deal 
of effort towards improving Yagi gain 
and decreasing sidelobe levels. The 
result is vastly improved arrays with as 
many as 32 separate Yagis — with no 
end in sight! Furthermore, Yagis pack 
a lot of gain based on volume and form 
factor. No wonder back yard EME is 
now so popular. 

Table 2, which shows the gain of 
some of the most popular individual 
2-meter EME antenna designs, can be 
used as a guide to antenna selection. 
It's interesting to note that the major¬ 
ity of the popular commercial Yagis 
presently in use on 2-meter EME are 
based on either the NBS or DL6WU 
Yagi designs. The gains shown on this 
table have been either measured or cal¬ 
culated using some of the latest com¬ 
puter modeling techniques and repre¬ 
sent true gain. 

Because long Yagi designs may be 
expensive to build — given the high 
cost of materials — many antennas 
used on 2-meter EME are commercial 
types. Homebrewed Yagis are still very 


popular, however, despite the cost. 
Both the NBS and DL6WU designs are 
highly recommended; reference 8 dis¬ 
cusses the advantages and disadvan¬ 
tages of these and other Yagi designs. 

If you want to start small, consider 
the simple eight-element Yagi design 
on a 12-foot boom described in refer¬ 
ence 9. Four of these antennas stacked 
only 9 feet horizontally and 8 feet ver¬ 
tically will make an excellent compact, 
low-cost, back yard starter EME anten¬ 
na just shy of the minimum gain in 
table 1. The array can later be expand¬ 
ed to six or eight of these Yagis if 
greater gain is desired. 

stacking antennas 

Because no practical 20-dBi gain 
Yagi designs are presently available for 
2-meter EME (11 wavelengths, 70- to 
80-foot boomlength!), one usually has 
to resort to stacking smaller antennas. 
Table 3 shows the maximum gain pos¬ 
sible if Yagi antennas are stacked, 
based on zero phasing line losses. 
Note that system gain doesn't increase 
3 dB every time you double the num¬ 
ber of antennas, even with zero phas¬ 
ing line loss! To do so would incur 
large sidelobes, which would severely 
increase the noise temperature of the 
antenna, making reception very diffi- 
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Table 3. This table shows the typical 
stacking gain improvements for op¬ 
timally stacked Yagi antennas, ex¬ 
cluding any phasing line losses. 

configuration 

gain increase 

2 antennas 

2.75 

4 Yagis 

5.5 

6 Yagis 

7.1 

8 Yagis 

8.25 

12 Yagis 

9.85 

16 Yagis 

11.0 

24 Yagis 

12.6 

32 Yagis 

13.75 


cult _ especially on weak signals. 
Phasing line losses will decrease anten¬ 
na performance accordingly. This is a 
big consideration when using four or 
more antennas. 

Note in particular the stacking of six 
Yagis with only a two-times increase 
in size over four antennas for about 
1.6-dB gain increase. This configura¬ 
tion is particularly recommended for 
Amateurs who just can't swing eight 
Yagis but need a little more antenna 
gain to stengthen their competitive 
edge. 

The six-Yagi configuration is best 
accomplished by stacking them three 
high and two wide. 7 In the late 1970s, 
I built the power dividers and phasing 
lines for such a configuration and sent 
all the parts and information along with 
two extra antennas to Alaskan 2-meter 
EME station WAOLPK. Jim immediate¬ 
ly installed the “kit" and went from 
10-percent success on schedules to 
making contacts at random without 
schedules. While slightly more com¬ 
plex mechanically, this configuration 
has much to offer over going all the 
way to eight antennas with a three- 
times increase in size. 

Table 4 shows examples of the gain 
of some of the more popular 2-meter 
EME Yagi antennas in typical stacking 
configurations. Table 5 shows the es¬ 
timated gain of some of the super sta¬ 
tions. Many other configurations are 
available, but this should help. 

Stacking antennas and using pow¬ 
er splitter/combiners are discussed in 
detail in references 6 and 7, so that in¬ 
formation won't be repeated here. 
First determine the gain of your single 


Yagl antenna; then you can estimate 
the gain improvement when they're 
stacked according to the information 
contained in tables 3 through 5. 

Table 6 will help you determine the 
optimum spacing when stacking the 
antennas shown. Those not shown 
can be stacked using references 6 and 
7 if the individual Yagi beamwidths and 
sidelobes are known. Don't get too 
worried about spacing — it isn't that 
critical, but if you must err, do so on 
the short side. Even a 10-percent shor¬ 
tening will decrease gain by only 0.25 
dB and greatly decrease mechanical 
problems! 


Table 4. This table shows some typi- 

cal 2-meter EME arrays with estimat¬ 
ed gains. 

antenna and/or 

gain gain 

manufacturer 

in dBd in dBi 

4 W1JR 8-el Yagis 

4 Cushcraft 214B Jr. 

16.85 19.0 

Boomers 

4 T6-el F9FT20TT6 or 

17.60 19.75 

KLM 13 LBA Yagis 
80-el Cushcraft 

18.00 20.15 

collinear 

18.00 20.15 

4 Cushcraft 3219 Yagis 

18.70 20.85 

4 KLM 16LBX Yagis 
160-el Cushcraft 

19.65 21.80 

collinear 

20.75 22.90 

6 KLM 16LBX Yagis 

21.25 23.40 

8 Cushcraft 3219 Yagis 

21.45 23.60 

8 KLM 16LBX Yagis 

22.40 24.55 


Table 5. This table shows the estimat- 

ed antenna gain of 

some 

of the 

2-meter EME "super stations." 

antenna and/or 

gain 

gain 

manufacturer 

in dBd in dBi 

K1WHS 24 Cushcraft 
214B Yagis 

WA6MGZ 16 KLM 

24.7 

26.85 

16LBX Yagis 

WA1JXN 16 KLM 

25.15 

27.30 

17LBX Yagis 

YU3WV 24 12-el 

25.5 

27.65 

J-Slots 

KB8RQ 32 Cushcraft 

26.0 

28.15 

3219 Yagis 

W5UN 32 KLM 17LBX 

26.95 

29.10 

Yagis 

28.25 

30.40 


transmission and phasing 
lines 

Transmission line losses, even at 144 
MHz, can be significant. This is espe¬ 
cially true when long Yagis are used in 
large arrays where many phasing lines 
are required. Tradeoffs and different 
types of feed lines are discussed in de¬ 
tail in reference 10, so they won't be 
repeated here. Before you go too far 
in your antenna system plans, be sure 
to study the different types of trans¬ 
mission lines and learn how you can 
keep losses to a minimum. 

If you can keep it well sealed from 
water penetration, type 9913 coax is 
highly recommended, especially for 
the phasing lines between the individ¬ 
ual Yagis and the first power divider. 
Even RG 8 and 213-U coax types are 
usable in phasing lines if lengths are 
kept short. In this regard, the "back 
plane" configuration, 7 where the first 
power divider is mounted in close 
proximity to the feedpoint in the in¬ 
dividual antennas, is particularly 
recommended . 

Fifty-ohm Heliax® and hardline or 
Alumifoam® are highly recommended, 
especially for the transmitter feed line 
(fig. 1). While they're expensive, they 
can often be found at flea markets for 
reasonable prices. Especially in large 
arrays, very low-loss transmission lines 
need be used only on the long runs 
from the individual power dividers to 
the central antenna feedpoint. 

Several 2-meter EMEers are using 
CATV hardline. (Ask super stations 
WA1JXN, K1WHS, and W5UN.) it's 
inexpensive and has very low loss, es¬ 
pecially below 300 MHz, where it's 
closely specified by suppliers. Al¬ 
though it has an impedance of 75 
ohms, it can easily be designed into 
the antenna system and later convert¬ 
ed back to 50 ohms with a simple 
quarter-wave section of 61-ohm line. 

Heretofore, it's been common Ama¬ 
teur practice to make phasing lines 
multiples of a half wavelength. This 
theory was debunked in reference 7. 
Since then, some Amateurs have tried 
using the odd number of quarter- 
wavelength techniques recommended 
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Table 6. This table shows the recommended stacking distance for some of the more 
popular 2-meter Yagi antennas per reference 6 with updates. 



Stacking in 

E & H plane 

Stacking in E & H 

antenna type 

in wavelength 

in i 

inches 

W1JR short Yagi (ref. 9) 

1.35 

1.20 

110 

98 

NBS 2.2 wavelength Yagi 

1.55 

1.40 

127 

115 

Cushcraft 214B Jr. Boomer 

1.55 

1.40 

127 

115 

Tonna {F9FT1 20176 Yagi 

1.60 

7.50 

131 

123 

KLM’lSLBA Yagi 

1 80 

1.55 

147 

127 

CueDee Yagi 

1.70 

1.40 

139 

115 

NBS 3.2 wavelength Yagi 

1.80 

1.35 

147 

111 

Tonna (F9FT) 20117 Yagi 

1.55 

1.40 

127 

115 

Cushcraft 3219 Boomer Yagi 

1.80 

1.35 

147 

111 

NBS 4.2 wavelength Yagi 

1.95 

1.75 

160 

144 

KLM 76LBX Yagi 

2.00 

1.75 

164 

144 

Cushcraft 4218XL Yagi 

7.95 

1.75 

160 

144 

M 2 Enterprizes 2M-5WL Yagi 

1.95 

1.80 

162 

147 


in reference 7 and have been quite 
pleased with the results. Lower side- 
lobes and higher gain were immediate¬ 
ly evident because of the improved 
power distribution. 

EME receivers and 
preamplifiers 

Table 1 shows that a 2-meter EME 
receiver should have maximum a noise 
figure of 1.5 dB and a maximum band¬ 
width of 50 Hz. Earlier in this column, 
I briefly mentioned a receiver sensitiv¬ 
ity of -155.5 dBm. You're probably 
wondering how these parameters are 
related. 

Receiver sensitivity is primarily a 
function of noise figure and band¬ 
width. If the antenna noise tempera¬ 
ture is near room temperature (298 
degrees K), the typical situation on 
2-meter EME, the receiver sensitivity 
can be calculated using the equation 
shown below: 
eqn. 3: 

Receiver sensitivity = -174 dBm + 
NF + 10 log BW 

where receiver sensitivity is in dBm, 
NF is noise figure in dB, and BW is 
bandwidth in Hz. 

For example, if the receiver overall 
noise figure is 1.5 dB and the band¬ 
width is 50 Hz, the overall receiver sen¬ 
sitivity will be - 155.5 dBm {—174 
+ 1.5 + 10 log 50). But how do you 
get a bandwidth of 50 Hz as shown in 
table 1 when your i-f bandwidth is 500 
Hz? Use your earsl As the final link on 
the end of the receiver chain, the hu¬ 
man ear has a typical bandwidth of 
only 50 Hz. 11 

If you're still not convinced, you can 
use a narrow i-f bandwidth. I've seen 
i-f filters advertised that claim a band¬ 
width of 125 Hz, but I'd hate to have 
to tune in a signal with such a narrow 
bandwidth — not to mention the fre¬ 
quency stability requirements of such 
a receiver! 

If you don't have narrow i-f selec¬ 
tivity and you don't trust your ear, use 
an external audio filter. Some of the 
new solid-state active audio filters have 
variable bandwidth and frequency con¬ 


trols which will easily go down to audio 
bandwidths of less than 25 Hz. 

The one major difference between 
a conventional VHF/UHF or hf receiv¬ 
er and an EME receiver lies in the ex¬ 
ternal preamplifier that's usually 
mounted at or very close to the anten¬ 
na feedpoint. This is almost always 
necessary for two reasons. The first is 
that the line loss to the shack is usual¬ 
ly over 0.5 dB, so the weak signal is 
further attenuated. The second is that 
there are no conventional receivers 
with 1- to 1,5-dB overall noise figures 
as required in table 1. 

First a word about preamplifiers. 
There are many options. Although I 
used only a U-310 JFET preamplifier 
(shack-mounted at that) to obtain my 
2-meter WAS Award, I now recom¬ 
mend the use of a GaAsFET preampli¬ 
fier mounted in a small enclosure as 
close to the antenna feedpoint as pos¬ 
sible. Many preamplifier circuits — as 
well as commercially manufactured 
units — are available. 

However, one mustn't get carried 
away with specifications. For instance, 
there's practically no justification for 
2-meter EME preamplifier gains in ex¬ 
cess of 25 dB; even 20 dB may be 
overkill. Very often I see 144-MHz 
GaAsFET circuits using tuned output 
stages. When this is done below about 
1000 MHz, the circuit is almost always 
on the verge of oscillation. This can 
result in an input impedance off the 
Smith chart when a preamplifier is 


measured on a network analyzer. In¬ 
stability is also evident if a preamplifi¬ 
er oscillates when placed in the 
antenna system where the impedance 
is not constant at all frequencies! Fur¬ 
thermore, excessive preamplifier gain 
may cause your receiver to intermodu- 
late because of the presence of other 
Amateurs, fm repeaters, or even com¬ 
mercial fm and TV signals that often 
pass through the preamplifier. 

At 144 MHz, I prefer GaAsFET pre¬ 
amplifiers with tuned input tanks and 
untuned outputs such as those that 
use a 4:1 broadband output transform¬ 
er. Some recommended GaAsFET pre¬ 
amplifier circuits are described in 
reference 12. If you have any doubt 
about preamplifier stability, measure 
the forward gain and reverse isolation 
with a very weak signal source. If the 
reverse isolation isn't at least 4 to 6 dB 
higher than the forward gain, the pre¬ 
amplifier is potentially unstable. 

If you use an external low-noise pre¬ 
amplifier as recommended above, and 
mount it at the antenna feedpoint, the 
loss and type of the transmission line 
between the preamplifier and the re¬ 
ceiver usually isn't critical, since the 
overall gain of the preamplifier is typi¬ 
cally 20 to 25 dB. Hence moderately 
lossy coax cable such as RG-8 or 
RG-231/U is perfectly acceptable (see 
fig. D. 

Two-meter EME receivers offer 
many options. A decade ago most 
2-meter EMEers used a downconvert- 
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er or transverter followed by an hf 
receiver for the i f. This setup has lots 
of system flexibility. 

When choosing an hf i-f for EME 
operation, look for a receiver that has 
good frequency stability, a slow tuning 
rate (25 or less kHz per turn), frequen¬ 
cy readout that has good resolution 
and accuracy, narrow bandwidth i-f 
options, an SSB/CW product detec¬ 
tor, and an automatic noise blanker. 
An i-f bandwidth of 250 to 500 Hz is 
recommended, as discussed above. 
Some of the favorite EME i-f receivers 
of yesteryear were the old Collins 75A4 
and the Drake R4C with appropriate 
modifications. More recently, the Ken¬ 
wood TS 830 and TS 430 have be¬ 
come popular. 

Many multimode 2-meter transcei¬ 
vers are available. Until recently, the 
Yaesu FT-726R was a favorite because 
of its built-in narrow bandwidth CW 
filter. Other 2-meter transceivers now 
offer this option. You can use a trans¬ 
ceiver with a 2- to 3-kHz i-f bandwidth 
if your ears don't mind all the excess 
noise; better yet, follow the transceiver 
with an external audio filter as men¬ 
tioned previously. This is the setup at 
one of the 2-meter super stations! 

transmitters and power 

• m m m 

amplifiers 

If you have either a 2-meter trans¬ 
verter, upconverter, or one of the new 
multimode transceivers, you have the 
basic building block for a 2-meter EME 
exciter. Frequency stability is impor¬ 
tant. Remember that the station trying 
to work you may be listening in a 50- 
to 100-Hz bandwidth, so any chirp or 
drift on your part will significantly de¬ 
grade success. 

Probably the biggest choice lies in 
deciding how to generate power. If 
you build a marginal station and expect 
to work onfy the super stations, a typi¬ 
cal beginner's approach, a solid-state 
"brick" will probably be sufficient. 
Many circuits can be found in refer¬ 
ence 13; commercial solid-state ampli¬ 
fiers are also available. 

However, always build or buy one 
of the linear amplifier types. You may 
later use this amplifier as a driver for 


a high-power final. Class C or fm am¬ 
plifier types often exhibit erratic power 
output levels when their drive levels are 
varied. This could make output pow¬ 
er setting very difficult or damage a 
follow up final amplifier. 

There are many choices of high- 
power amplifiers. Remember that even 
500 to 750 watts of output power is 
sufficient for operating 2-meter EME. 
There are still plenty of plumbers' 
delights or parallel tube finals around 
— especially those that use the vener¬ 
able 4CX250Bs. Often available quite 
inexpensively, especially from Ama¬ 
teurs who are upgrading to the new 
FCC 1500-watt output power levels, 
they'll easily generate as much as 1000 
watts of output if they're properly 
cooled. More information on these fi¬ 
nals is contained in references 14 and 
15. The 8874 and 3CX800A7 tubes 
have become popular, especially 
where single-tube amplifiers are pre¬ 
ferred. Other tubes such as the 7650, 
7213, and 4CX1000 are usable. Other 
finals are described in references 16 
and 17. The most popular 2-meter 
EME final for generating the full legal 
limit is the W6P0 power amplifier, 
which uses an 8877. 17 , 18 This amplifi¬ 
er has excellent stability, and is con¬ 
servatively rated and reasonably 
efficient (i.e., greater than 60 percent). 
Furthermore, individual components, 
parts kits, or even a completed ampli¬ 
fier using this circuit are now avail¬ 
able.* Finally, several commercially 
manufactured tube type finals are now 
available for 2-meter operation. 

azimuth and elevation 
rotators 

Any detailed discussion of this sub¬ 
ject would require an entire article of 
its own. Some of the systems present¬ 
ly in use on 2-meter EME range from 
simple single Yagis on a tropo setup 
to complex arrays with exotic rotating 
systems occupying an entire acre of 
land. 19 Most EMEers will simply use 
their own ingenuity, building a rotator 
according to the requirements of the 


*Gene Shea, KB7Q, 417 Staudaher Street, Boze¬ 
man, Montana 59715. 


station and the materials most easily 
pressed into service. 

Reference 9 showed my simple back 
yard/portable array, resting on a small, 
ground-mounted 11-foot tower for the 
base. A conventional Ham-M or equiv¬ 
alent rotator is used for azimuth con¬ 
trol. Elevation is set by a small boat 
winch mounted on the vertical mast 
just above a hinged plate that holds the 
horizontal boom. Elevation angles are 
measured with a hand-calibrated plate 
and lead weight attached to the main 
boom. This setup is simple and rela¬ 
tively inexpensive. 

Several large commercial rotators 
are now available with accuracies ap¬ 
proaching 1.0 degree. While separate 
selsyn indicators used to be common, 
auxiliary azimuth indicators that use a 
linear potentiometer are becoming 
quite popular now that low-cost digi¬ 
tal voltmeters are available. 

Some Europeans have cascaded 
two or more of the elevation rotators 
used for typical OSCAR antenna con¬ 
trol. For large antenna systems, the 
venerable "prop pitch" motor is still 
alive and well. Several years ago, 
many different EME rotator systems 
were described in Eimac's EME 
Notes. 20 

polarity rotation 

So far I've only touched on the sub¬ 
ject of polarity rotation. Circular pola¬ 
rization would greatly improve the 
Faraday rotation problem on 2-meter 
EME, but it's very difficult to imple¬ 
ment on large Yagi arrays. As men¬ 
tioned before, circular polarization 
would reduce the signal levels from 
linearily polarized stations by up to 
3 dB. 

For these reasons, some Amateurs 
have devised polarity rotation schemes 
for collinears (VE7BQH) and Yagi ar¬ 
rays (K5GW), but describing them in 
detail would require discussion of 
mechanical considerations beyond the 
scope of this column. In this regard, 
the parabolic dish has much to offer 
despite its low efficiency and size. The 
rest of us will just have to trust our luck 
to the Faraday rotation present during 
our schedules! 
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relays and control systems 

The simplicity or complexity of this 
part of the system is a matter of per¬ 
sonal choice. Figure 1 shows most of 
the components required for a com¬ 
plete minimum station. Rotator cables 
and the like are quite straightforward. 

The one area that deserves some 
special consideration is the antenna 
changeover and receiver protection re¬ 
lays. There are two major problems 
with these in EME operation. The first 
is the leakage or isolation of the main 
T/R relay. When running over 500 
watts of output power, the leakage 
across this relay when in transmit can 
be sufficient to burn out your receiver 
preamplifier unless the isolation is 
greater than 50 dB. Many of the T/R 
relays used by Amateurs offer margi¬ 
nal isolation at 144 MHz. Second, the 
switching time on the T/R relay is 
critical because if the high power is 
applied before the relay is fully trans¬ 
ferred, the preamplifier is again sub¬ 
jected to rf burnout levels. 

Most of these problems can be 
solved if you have a short built-in time 
delay before rf or high voltage is ap¬ 
plied to your final power amplifier. Ad¬ 
ditional isolation in the form of a 
second relay in series with the pream¬ 
plifier is also recommended. This relay 
can be a low-power type and prefer¬ 
ably will terminate the preamplifier 
input, with a 50-ohm load during trans¬ 
mit. If the length of the coax between 
the relays is 0.1 to 0.25 wavelength, it 
will increase isolation. 3 

These features should be wired into 
the station control system, with a foot 
switch to further control the se¬ 
quences of events. Therefore, I recom¬ 
mend that you review the scheme and 
schematic of the recommended 
switching technique described in refer¬ 
ence 3. 

system checkout 

Before you try to fire up and listen 
for EME signals, it's best to make sure 
that your system is functioning proper¬ 
ly. If it's convenient, disconnect the 
preamplifier and test the antenna sys¬ 
tem for VSWR. If everything was 
properly installed, the VSWR should 


be well below 1.5:1. Then increase 
your power to confirm that there's no 
output power problem. 

Next, reconnect your preamplifier 
and receive system. Check your re¬ 
ceive system by pointing your anten¬ 
na towards different areas of the sky. 
The noise level should vary as you 
point to radio “hot spots/' Aiming 
your antenna at the sun — the largest 
hot spot — should increase the noise 
output of your receiver by at least 6 to 
8 dB. 

After peaking your receiver on the 
sun, sight up the antennas and verify 
that the sun is reasonably close to 
boresite. Next point your antenna 
away from the sun and try to measure 
your first sidelobes, which should be 
detectable but many dB below the 
main beam. If the sidelobes are high 
or the antenna doesn't boresite well, 
check your phasing lines for possible 
phase inversions. 

Now try some echo testing. Send a 
letter or two and listen carefully for an 
echo. Remember that the returned sig¬ 
nal may be up to 500 Hz above or be¬ 
low the transmitted signal, depending 
on whether the moon is approaching 
or leaving you, as described in refer¬ 
ence 1. If you don't hear anything, 
don't be discouraged. Faraday may be 
unfavorable. Try again in 15 to 30 
minutes. 

Next listen for other EME signals. 
There's almost always activity on 
weekends and evenings whenever the 
moon is above the horizon at north 
declination. Tune between 144.000 
and 144.020 and see if you find any 
EME signals; this is where most of the 
super stations congregate and where 
most random CQs take place. 

If you don't hear any signals, activ¬ 
ity may be low or Faraday rotation may 
be unfavorable. Wait a while and try 
again. Check the 144-MHz EME Direc¬ 
tory for someone you can contact lo¬ 
cally. 21 Better yet, set up a schedule 
with one of the active EME stations, 
who can usually be found on 14.345 
MHz on Saturdays and Sundays be¬ 
tween 17 and 1900 UTC on the 2-meter 
EME net usually MC'ed by Lionel, 
VE7BQH, 


scheduling 

This is a subject in itself which is 
again beyond the scope of this 
month's column. Many scheduling tips 
and recommendations can be found in 
references 1 and 22. Try to make 
schedules near perigee, when the 
moon is at northerly declinations away 
from the galactic plane, and when 
there are no local objects obstructing 
the antenna view. Perigees are always 
listed at the end of each month's 
column, and an EME calendar appears 
monthly in VHF/UHF and Above * 
Unless there are no other possibilities, 
don't make schedules when the moon 
is in the galactic plane, at the new 
moon phase, or when the moon is at 
low elevation angles (except for 
horizon shots where there may be no 
other possibilities). 

When you run a schedule, it's best 
to follow the standard techniques and 
scheduling sequences that have be¬ 
come well established procedures. 
First, the scheduled frequency is your 
zero beat frequency. Since doppler is 
usually present, leave your transmit¬ 
ting frequency fixed and tune only 
your receiver until you find the desired 
station. 

Most schedules conducted on 2- 
meter EME are for either one-half or 
one hour's duration. Each station 
usually transmits and receives alter¬ 
nately for two minutes at a time. The 
easternmost station generally trans¬ 
mits during the first two-minute peri¬ 
od at the start of the hour. This is often 
referred to as “standard sequencing." 

For example, if a W2 station sched¬ 
ules a W6 station between 1900 and 
2000 UTC, the W2 station, as the east¬ 
ern station, would transmit from 1900 
to 1902 UTC and listen from 1902 to 
1904 UTC, and so forth. If, however, 
the schedule is from 1930 to 2030, the 
W6 station would transmit first from 
1930 to 1932, since sequencing is 
based on the hour, and with 2-minute 
sequencing, there are an odd number 
of periods in the first half of the hour. 


* Rusty Landes, KA0HPK, "VHF/UHF and Above 
Information Exchange," P.0 Box 270, W. Terre 
Haute, Indiana 47885. 
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l FREE CATALOG! i 


Features Hard-to-Find Tools 
and Test Equipment 



Jensen’s new catalog features hard-to- 
lind precision tools, tool kits, tool cases 
and test equipment used by ham radio 
operators, hobbyists, scientists, en¬ 
gineers, laboratories and government 
agencies. Call or write tor your Iree copy 
today. 

Depi- HR 

7815 S. 46th Street 
Phoenix. AZ 85044 
(602| 968-6241 
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INDUSTRIAL QUALITY 
REPLACEMENT BATTERIES 
FOR COMMUNICATIONS 

Nickel~Cadmium.Alkaline.Uthium.etc. 

Repair Packs For 

I COM®, KENWOOD, YAESU, 
SANTEC. AZDEN. TEMPO. 
CORDLESS PHONES....AND MORE! 

NEW! I.C.E. PACK s 49 95 



E.H. YOST & CO 

EVERETT H. YOST KB9XI 
7344 TETIVA RD 
SAUK CITY. Wl 53583 

ASK FOR OUR CATALOG 

[608) 643-3194 
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CLOSE OUT 
SALE! 
SAVE $5 



ORDER NOW 
QUANTITIES LIMITED 


(603) 878-1441 

THE 1987 ARRL HANDBOOK 
FOR THE RADIO AMATEUR 

Check out these new features: 
Passive LC filter design including 
standard value capacitor tables, 
overview of 23cm FM fast scan 
TV weather satellite basics, a 
complete revision of the radio fre¬ 
quencies and transmission section 
(chapter 22) and satellite commu¬ 
nications section (chapter 23). 
Some of the exciting new projects 
are: a new HF legal limit, all band 
amplifier using the 8877 tube, a 
dedicated CRT for Wefax image 
display and a new marker genera¬ 
tor project for general purpose 
use to name just a select few. 

Over 200 pages have been re¬ 
vised and updated. Great refer¬ 
ence book that should be in every 
Ham’s shack. Order your’s today! 
Over 1100 pages. <& 1986 


□ AR-HB87 Softbound $12.95 



Please enclose $3.50 to cover 
shipping and handling 


hanjm- 

B*£HTmB0W _ /)aa 

M Iff ma<jartrm ^ 

BOOKSTORE 

GREENVILLE, NH 03048 


The reporting system used on 2- 
meter EME is different from the one 
used on 432 MHz and above. "T" des¬ 
ignates detectable signals, "M" means 
letters or portions of calls, and "O" 
verifies that both call signs have been 
copied. Therefore, an exchange of an 
"O" report and appropriate "Rs" are 
required for a valid QSO. Never trans¬ 
mit an "O" report or an "R" until you 
have complete call sets and reports 
respectively, because the reporting se¬ 
quence can only go forward! 

Most 2-meter operators make up a 
standard schedule sheet with each 
2-minute time block designated. They 
then write in all information sent and 
received in the appropriate time 
blocks; this will help if there are deep 
fades or partial copy, Faraday rotation 
problems, or if authentication is re¬ 
quired later on. 

other tips 

Have someone in your area check 
your frequency to confirm that you're 
transmitting where you think you are. 
A secondary frequency standard such 
as the one described in reference 23 is 
recommended. Use the 2-meter EME 
net to make schedules or to see who's 
active, when they're active, and what 
frequency they're on. The 144-MHz 
EME Directory 21 is a must if you want 
to know what other stations are active 
and what equipment they use. Pub¬ 
lished monthly. The 2-Meter EME 
Bulletin includes good tips and infor¬ 
mation about the activity of other 
2-meter EME stations.* 

summary 

So there you have it — all the neces¬ 
sary basic information needed to get 
you started on 2-meter EME. Let me 
know if I missed any necessary infor¬ 
mation. Some of the topics discussed 
had to be dealt with only briefly, but 
the references cited or the EME nets 
are excellent sources for further details 
or clarification. As is often the case, 
it sometimes takes longer to explain a 


’Gene Shea, KB7Q, "2-Meter EME Bulletin," 417 
Staudaher Street, Bozeman, Montana 59715. 
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particular item in print than to demon¬ 
strate it in a hands-on situation. 

If you have only a small antenna, 
consider listening for EME signals in 
the 144.000-144.020 MHz region, es¬ 
pecially during the EME contest on 
October 17-18 and November 14-15, 
1987. Even if you're not ready to get 
started in EME, try putting up a sim¬ 
ple antenna in your back yard and see 
what you can hear. Who knows — the 
bug might bite! See you on EME 
shortly! 

new records 

% 

In Oregon on March 8, 1987 at 1950 
UTC, Tom Hill, WA3RMX/7 
(CN85PL), and Lynn Hurd, WB7UNU 
(CN85NH) did it again by breaking 
their own North American DX record 
on 47.040 GHz. This time they extend¬ 
ed the distance to almost 14 miles, and 
again had a two-way QSO on SSB 
with good signal-to-noise ratios. Tom 
was running 3,5 milliwatts to a 28.5- 
inch dish, while Lynn was running just 
44 microwatts to a 9.5-inch dish! 

Meanwhile, as predicted in last 
month's column, new EME records 
were being made. On April 12, 1987 at 
0530 UTC, Lucky Whitaker, W7CNK/5, 
Oklahoma City, Oklahoma (EM15FI), 
worked Keith Ericson, K0KE, who was 
operating portable in Denver, Colora¬ 
do (DM79NO), on 3456.1-MHz EME 
for a new worldwide EME DX record 
of 498 miles. Lucky was using a 
5-meter dish and 80 watts, while Keith 
borrowed the use of a 10-meter satel¬ 
lite dish and was running only 12 watts 
of output power! Signals were copied 
easily off a speaker with a 2.5-kHz 
receiver bandwidth! 

Not content with this record. Lucky, 
W7CNK/5 (EM15FI), converted his 
setup to 5760.1 MHz. Then he com¬ 
pleted the first Amateur two-way EME 
contact on that band on April 24, 
1987 at 1620 UTC with Rick Fogle, 
WA5TNY, Grapevine, Texas (EM12KV), 
for a 174-mile record. Lucky was run¬ 
ning 100 watts to his 5-meter dish and 
Rick was running only 25 watts to a 
10-foot TVRO dish. After the initial 
contact, Dave Hallidy, KD5RO, jump¬ 
ed in, using Rick's station to give 


TRANSMISSION LINE TRANSFORMERS 

A new ARRL Publication by Dr. Jerry Sevick, W2FMI 

COMING SOON! 

Despite the popularity of transmission line transformers in 
both commercial and amateur applications, little practical 
design information has been published concerning these 
devices. The lack of data was made abundantly clear to Jerry 
Sevick, W2FMI when he began designing matching trans¬ 
formers for the short vertical antennas that are the subject of 
his classic series of articles that appeared in OSL In order to 
fill in the gaps of available knowledge, Jerry decided to study 
the subject of transmission line transformers in depth and the 
results of his findings are contained in this new ARRL 
publication! 

Transmission Line Transformers covers types of windings, 
core materials, fractional-ratio windings, efficiencies, multi¬ 
winding and series transformers, baluns, and limitations at 
high impedance levels. There is also a chapter on practical 
test equipment. This book is must reading for everyone 
interested in antenna and transmission line theory. Copyright 
1987, 128 pages $10 hardcover only. 


The American Radio Relay League, Inc 
225 Main St., Newington, CT 06111 
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52 Stonewyck Drive 
Belle Mead, New Jersey 08502 
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TONNA 

MON-SAT (201)874-6013 

10AM -3PM ORDERS 

7PM - 10PM ORDERS/TECHNICAL 


CALL FOR CATALOG VISA/MASTERCARD 
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W7CNK/5 his second 5760.1-MHz 
contact. 

Congratulations to Tom, Lynn, 
Lucky, Keith, Rick, and Dave. The 
spring of 1987 may go down in history 
as one of the greatest record-breaking 
periods in UHF/SHF history. 

important VHF/UHF events 

September 5*5 International Region 1 

VHP Contest, 2 meters 
only 

September 6 EME perigee 
September 10-13 Microwave Update 1987 

Conference, Estes Park, 
Colorado (contact WOPW) 
September 12-14 ARRL September VHF 

QSO Party 

September 19-20 ARRL 10-GHz Cumulative 


September 21 

Contest, second weekend 
±2 weeks. Optimum time 

October 3-4 

for TE propagation 
International Region 1 

October 4 

UHF/SHF Contest, 70 cm 
and up 

EME Perigee 

October 9 

Predicted peak of the 

October 10-11 

Draconids meteor shower 
at 0900 UTC 

Mid-Atlantic States VHF 

October 17-18 

Conference, Warminster, 
Pennsylvania (contact 
WA2QMY) 

ARRL EME Contest, first 

October 21 

weekend 

Predicted peak of the Ori- 

October 30 

onids meteor shower at 
0830 UTC 

EME Perigee 


references 

1. Joe Reisert, W1JR, ‘'VHF/UHF World: Minimum 
Requirements for 2-Meter EME — Part 1 ham radio, 
August, 1987, page 39. 

2. Joe Reisert, W1JR, "VHF/UHF World: 220-MHz 
EME Requirements,” ham radio, September, 1984, 
page 45. 

3. Joe Reisert, W1JR, "Requirements and Recommen¬ 
dations for 70-cm EME," ham radio, June, 1982, page 
12 . 

4. Merrill I. Skolnik, "introduction to Radar Systems," 
Chapter 2. McGraw Hill, 1962. 

5. Joe Reisert. W1JR, "VHF/UHF World: Determin¬ 
ing VHF/UHF Antenna Performance," ham radio. 
May, 1984, page 110. 

6. Joe Reisert, W1JR, "VHF/UHF World: Stacking 
Antennas •— Part 1," ham radio, April, 1985, page 129. 

7. Joe Reisert, W1JR, "VHF/UHF World: Stacking 
Antennas — Part 2." ham radio. May, 1985, page 95. 

8. Joe Reisert, W1JR, "VHF/UHF World": Yagi Facts 
and Fallacies." ham radio. May, 1986, page 103. 

9. Joe Reisert. W1JR, "VHF/UHF World: Optimized 
2-and 6-Meter Yagis," ham radio. May, 1987, page 92. 

10. Joe Reisert, W1JR. "VHF/UHF World: Transmis¬ 
sion Lines," ham radio , October. 1985, page 83. 

11. Dick Turrin, W21MU, “Simple Super Selectivity," 
QST, January, 1967, page 48. 


12. Joe Reisert, W1 JR. "VHF/UHF World: LowNoise 
GaAsFET Technology," horn radio, December, 1985. 
page 99. 

13. Joe Reisert, WUR. "VHF/UHF World: Medium 
Power Amplifiers," ham radio, August, 1985, page 39. 

14. Joe Reisert, W1 JR, "VHF/UHF World: High Power 
Amplifiers — Part 1," ham radio, January, 1985, page 
97. 

15. Joe Reisert, WUR, "VHF/UHF World: High Power 
Amplifiers — Part 2," ham radio, February, 1985, page 
38. 

16. The ARRL Handbook, ARRL, Newington, Connec¬ 
ticut, 1987. Available from ham radio's Bookstore. 
Greenville, New Hampshire 03048. $17.95 (paper 
bound}, $26.95 (hardbound}; add $3.50 for postage and 
handling, 

17. William I. Orr, W6SAI, Radio Handbook, available 
from ham radio’s Bookstore. Greenville. New Hamp¬ 
shire 03048, for $26.95 plus $3.50 shipping and 
handling. 

18. Robert 1. Sutherland, W6UOV, "HiglvPerformance 
144-MHz Power Amplifier," ham radio, August, 1.971, 
page 22. 

19. "Shooting the Moon," OST (cover). May. 1986, 
the W5UN EME array, 

20. Bob Sutherland, W6PO, "Ideas for EME Antenna 
Elevation Drives," Eimac Amateur Service Note No. 
AS 49-11. 

21. Lance Collister, WA1JXN, "The 144-MHz EME 
Directory." Eimac Amateur Service Note No, 
AS-49-37. Available upon request (enclose four first- 
class stamps) from Bill Orr, W6SAI, c/o Variari, Eimac 
Division, 301 Industrial Way, San Carlos, California 
94070. 

22. Joseph H. Reisert, W6FZJ/1, "EME Scheduling, 
When and Where." QST, July. 1974, page 25. 

23. Joe Reisert. W1 JR. “VHF/UHF World: VHF/UHF 
Frequency Calibrator." ham radio, October. 1984, page 
55. 

ham radio 


jr . . . . . il 

| ANNOUNCING | 

I THE 


DIGITAL VOICE KEYER 



ItH ttsr T >1«- yn*K .tn«»iMy ‘W ffui, Vint*' 

Amuxincwra-ttl AiJMlru* 

tfreDVK 1i * ou-SirMtit)Ute!t? 0 vu>k.'uy.tu'Xs[u 
Orate iwr tiftfl v.cw tontttT i .nti (Mi *, row yo* t n. Mwrt m 
tinjii.il tin:mar, 1 r>;l , is tw|iu>rit r?.K* ii me town «» .1 *r> l in' 0,giut Vox< 

btyri it;Oftl 4 Supra KOtiki 0! irtfxiiic.VffiTticWi. 1 *?)„! jfit,,.f„!i MH, 
U njhjijl V j 

tfit- nvK 11X> n i flttr.l Km fin- rad tOMW-W J'H) Qteji iinirj 
M.HH SJWO 


Ft*tunes 

* T? ***** *4 r 

» I !5=rt r- • !>■ <f i r jrfM f ‘ \ \ 

* tV* i L r,* i r, • f b ! LMtl i V ** * 

* Wf.l £*# *•*>* \'■ 4 ^ M If * *• ««f fri* r * •* *** 

V** *J \ 

i’: **1t n »:* i f *4 & &■'* f j ^ J 

* Ar-niLrit 

$249^ StiWaMilll,( i 

iUitrail i{it is f ii i*,ysstr,-.i}j. 



NEL-TECH LABS. INC. 

P,0. BOX 1U0 * lOHOOMOfRRY Nil 030S3 
M3 434B2W 



^ 137 


short circuits 

spacing dimensions 

In fig. 2 of WIJR's April, 1987, 
column (page 74), the spacing dimem 
sions listed for the fourth director, D4, 
of the 46-element loop Yagi do not 
agree with the drawing. The drawing 
is correct; the listing should be correct¬ 
ed to show the spacing for D4 as 
14.1721 CTNX K5DUT). 

In fig. 6, the length of the inductors 
is not shown because it is assumed 
that the specified enclosure will be 
used. If it is not used, the height of the 
inductor above ground should be 
about 1.5 inches. 

pin 16, not 10 

In fig. 6 of WIJR's June, 1987, 
column (page 75), pin 10 on the left- 
hand side of U1 (between pins 12 and 
13) should have been labeled as pin 16 
(TNX W5YHT). 

missing table 

Table 1, omitted from WIJR's 
VHF/UHF World column in the April 
issue (page 55), is shown below. 

Table 1. Some citizens-band type fm tran¬ 
sceivers are available In Japan but not yet 
in the USA. 


Company 

Part No. 

Price 

ICOM 

GTX 

NA 

Shinwa 

SC-905GIJ 

NA 

Yaesu 

FYA903 

NA 

Yaesu 

FYA905A 

approx. 
80,000 Yen 


220 Notes 

In table 5 of WIJR's July, 1987 
column (page 38), 220 Notes was in¬ 
dicated as being issued quarterly. This 
is incorrect; 220 Notes is published bi¬ 
monthly. To subscribe ($5/year), con¬ 
tact Walt Altus, WD9GCR, 215 Villa 
Road, Streamwood, Illinois 60103. 

20-meter travelradio 

Planning to build KIBGT's compact 
CW transceiver (June, 1987)? Send an 
SASE (with 39 cents postage) to ham 
radio , Greenville, NH 03048, for a com¬ 
plete list of corrections. 
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improving the WB3CEH 
programmable call sign 
identifier 

When Gene Colson, KL7YM, was 
constructing a new repeater for our 
mountain top site in Fairbanks, 
WB3CEH's article describing his pro¬ 
grammable call sign identifier 1 caught 
my eye. The identifier appeared to be 
perfect for our needs. But when I be¬ 
gan ordering the parts, I couldn't find 
the MC14557 64-bit shift register 1C 


specified, and neither KL7YM/R, 
WB3CEH (the author's call), nor 
KL7XO (my own call) would fit into 64 
bits. 

A search through catalogs revealed 
a substitute for the MC14557: the 
CD4031, also a 64-bit shift register. A 
phone call to Jameco* brought sever¬ 
al of them within a week. I cascaded 
two for a total of 128 bits and reversed 
the A and B inputs to reduce standby 
power consumption. 



I built the first one. It worked, with 
measured current consumption of 
0.0005 mA on standby, 0.17 mA run¬ 
ning without the buzzer, and 0.55 mA 
with the buzzer. Over two years later, 
it's still on the bench in my shack — 
with the original 9-volt battery. KL7YM 
built the production model, which is 
still in use on the repeater. 

The construction and programming 
instructions in the original article still 
apply. The schematic of the modified 
circuit is shown in fig. 1. 

Steve Estes, KL7XO 

reference 

1. Donald G. Varner, WB3CEH, "Programmable Call 
Sign Identifier," ham radio, February, 1985, page 33. 

*Jameco, 1355 Shoreway Road, Belmont, California 
94002. 


carpet samples in the 
ham shack 

While shopping for new carpet sever¬ 
al years ago, I stumbled upon a pile of 
18 by 24-inch samples with nicely 
finished borders being sold for a dol¬ 
lar each. I bought several. 

What does this have to do with 
Amateur Radio? Well, one sits 
on my workbench to protect the sur¬ 
face from scratches and wear. 
It also protects radios from scratches 
and dings while I'm working on them. 

I selected a tightly woven, light-colored 
pattern for this so that small screws and 
parts wouldn't disappear. Another sam¬ 
ple ended up beneath my very large, 
heavy Qume Sprint 5 daisy-wheel 
printer, helping to silence its operation. 
Another found its home under a fairly 
large hf linear amp. 

When you have to move something 
heavy (like an overstuffed filing cabinet) 
across hardwood or linoleum floors, try 
sliding two or more of these carpet 
samples face-down under the object; 
it will then slide easily across the floor 
without scratching. 

Most carpet shops sell these samples 
quite reasonably. Pick up a few and see 
how many uses you can find for them! 

Peter Bertini, K1ZJH 
ham radio 
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FORECASTER 

earth stonehocKer, KORYW 


more sporadic E 

Before the Sporadic E (E s ) propa¬ 
gation season — June through Sep¬ 
tember — is over, the results of some 
recent experiments are worth men¬ 
tioning. 

An ionosonde is a low-frequency, 
mf-hf radar that provides information 
about ionospheric layers by transmit¬ 
ting a signal vertically and measuring 
the duration of its round trip.* Using 
an ionosonde located in Hawaii, re¬ 
searchers have been able to identify 
and measure E s cloud formation and 
movement, determining the east-west, 
north-south, and height changes of 
the signal's reflection point by means 
of doppler frequency shift data. 

At altitudes below approximately 72 
miles, there's a neutral particle "sand¬ 
wich"; its upper level moves in a west¬ 
erly direction, while its lower level 
travels in the opposite direction. Colli¬ 
sions between the particles in these 
layers and gyromagnetic interaction 
result in vertical ion movement from 
below and above the region. Very thin, 
intense, long-lived layers develop at 
the specific height at which the net ion 
vertical velocity is zero. 

These metallic ions are of meteoric 
origin; it is the variations in their con¬ 
tent that accounts for E s patch differ¬ 
ences, locations, and diurnal behavior. 
These differences — in turn manifest¬ 
ed by varying layer shape (gradient), 
thickness, and intensity — account for 
changes in the maximum frequency 
that can be reflected. 


For a clearer idea of the magnitude 
of these variations, consider this: over 
a period of only 20 minutes, the maxi¬ 
mum usable frequency changed from 
4 to 8 MHz in a patch that was only 
6 miles long. Such clouds, however, 
can cover areas as large as 36,000 
square miles (60 x 600 miles) and last 
up to 2 hours, resulting in long 10- or 
15-meter openings. 

last-minute forecast 

During the first week and the ten 
days of September, expect low values 
of flux, resulting in the lower frequen¬ 
cy bands being best. Nighttime open¬ 
ings will occur on these bands on the 
east-west and northern paths. If the 
geomagnetic field is disturbed on Sep¬ 
tember 1st through 4th and 24th 
through the 29th, expect lower signal 
strengths and QSB. The second and 
third weeks are expected to offer very 
good higher hf-band DX openings in 
southerly directions. Some of the 
openings may be the result of transe- 
quatorial propagation, particularly in 
the evening and during disturbed con¬ 
ditions. 

The moon will be full on September 
7th and at perigee on the 6th. The au¬ 
tumnal equinox will occur on the 23rd 
at 1345 UTC. No significant meteor 
showers are expected this month. 

band-by-band summary 

Six meters may have a few E s open¬ 
ings around local noon, but don't 


count on them during this last month 
of the season. 

Ten , twelve, and fifteen meters 
should provide a few short-skip open¬ 
ings and many long-skip openings to 
most southern areas of the world, es¬ 
pecially if there is any solar flux in¬ 
crease during the daylight hours this 
month. Some of these openings will 
result from transequatorial propaga¬ 
tion, mainly during disturbed con¬ 
ditions. 

Twenty , thirty, and forty meters will 
support propagation from the eastern, 
western, and northern areas of the 
world during daytime and on into the 
evening hours almost every day. Dis¬ 
tances to 2000 miles via long-skip or 
some short-skip E s to 1000 miles per 
hop are usual. 

Thirty , forty, eighty , and one-sixty 
meters are all good for nighttime DX. 
The bands will be open in the east 
soon after sundown, swing toward the 
north and south about midnight, and 
end in the Pacific areas during the hour 
or so before dawn. The time-and- 
frequency stations in England and 
Hawaii make good band monitors. On 
some nights these bands will be as 
good as they are during the winter DX 
season; on others, QRN may be a 
problem. Distances will be a little 
shorter than those mentioned above. 


'Other analog ionosondes transmit signals obliquely 
and work in pairs; more advanced digital ionosondes 
generate phase and polarization information in addition 
to the standard amplitude data. — Ed. 
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GMT 


POT 

WESTERN USA 

N NE E SE S SW W NW 

t \1/— \ 


MDT 

MID USA 

N NE E SE S SW W NW 

t /—s*/— \ 

CDT 


EOT 

EASTERN USA 

N NE E SE S SW W NW 

t \ t /-\ 

The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during normal'' hours. 

‘Look at next higher band for possible openings. h3m fSCliO 
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Cushcraft 2-meter boomer 

In 1979 Cushcraft introduced its 2*meter 
"Boqmer" ,M line of antennas, thus launching a 
new generation of long-boom, high-performance 
Yagis. A few years later, in response to a grow¬ 
ing need for a 2-meter Yagi with even higher gain 
and a cleaner radiation pattern, Cushcraft intro¬ 
duced its new 2-meter Boomer 4218 XL Yagi. 

This antenna is basically an enhanced NBS 
type Yagi, The trigon reflector, a ‘'trademark" 
of the Boomer Antennas, improves the gain 
slightly but primarily enhances the front to-back 
ratio. An extra director has been added between 
the driven element and the original first director 
for extra gain. 1 Cushcraft engineers found they 
could also improve gain and radiation pattern 
even more by moving the position of the origi¬ 
nal first director and extending all director lengths 
to compensate for errors in (he original NBS 
designs. 

The "T" match and half-wave balun used are 
other Boomer trademarks. Cushcraft retains the 
UHF connectors, which are not waterproofed, 
but supplies silicon grease and vinyl connector 
boots to keep the balun and feed line connec¬ 
tors relatively waterproof. I’d still prefer the use 
of type N connectors. 

This antenna is quite well designed. The cen¬ 
ter section of the boom is a healthy 1.5 inches 
in diameter. The remainder of the boom is ta¬ 
pered but still very strong. The rigid boom sup¬ 
port braces should prevent wind vibrations, and 
can be placed either above or below the main 
boom — a big advantage where stacking frames 
are used and you want to keep all vertical mast 
lengths to a minimum. 

The trigon assembly has been completely re¬ 
designed since the earlier Boomers to consider¬ 
ably decrease wind loading. In fact, this antenna 
has a wind load that's only slightly higher than 
the original 2-meter 32-19 Boomer, which has 
over a 6-foot shorter boomlength. I’m sure the 
Boomer XL will withstand our New England 
winters. 

assembly 

It took about 2-1/2 hours to assemble the 4218 
XL. The directions, while brief, were adequate. 
All directors taper downward in length as clear¬ 
ly shown on the assembly instructions so ele¬ 
ment lengths can be easily verified. However, 
the rear boom section wasn't labefed, and, nat¬ 


urally, I assembled it backwards! However, when 
I tried to attach the trigon reflector, I noticed my 
error and quickly reassembled this boom section. 

As with other Cushcraft products, all holes 
were precisely drilled and all the pieces fit togeth¬ 
er very nicely. All the hardware — even the "U" 
bolts - is stainless steel, a real plus. (There 
wasn't a spare piece of hardware, however, so 
don't lose anything during assembly!) Notice also 
that there are spare holes in the brace supports 
and trigon assembly that don't require hardware. 

Before you assemble the balun, I’d recom¬ 
mend that you first check the connectors to see 
if they're tightened into the connector bracket. 
All that's needed is to grasp the connectors care¬ 
fully on the back side of the plate with gas pipe 
pliers and turn them clockwise. Also solder the 
tips of the crimp type connectors used on the 
coax balun. Don’t forget to apply the silicon 
grease provided, bur only to the connector 
threads. 

After final assembly, check all dimensions 
carefully, especially the boom sections and ele¬ 
ment lengths as shown on the diagrams provid¬ 
ed. Next, mount the antenna on a 7- to 10-foot 
high mast or tower and test the VSWR using 
a 5- to 10-foot transmission line between the an 
tenna and the VSWR meter. This test is highly 
recommended because it will often catch any as 
sembly problems before the antenna is mount¬ 
ed in a hard-to-reach spot on the top of a tower. 
If desired, you can also take a few minutes to 
adjust the T match strap position to minimize the 
VSWR at your favorite operating frequency. 

test results 

The 2-meter Boomer 4218 XL has a clean radi¬ 
ation pattern with high gain per unit boom 
length.* From on-the-air tests I made, sup¬ 
plemented with computer analysis, a gain of 14.3 
dBd was measured. This is as high or higher than 
any of the competition's antennas. VSWR meas¬ 
ured at 144.2 MHz was less than 1.2:1 as speci¬ 
fied, so I didn't even have to adjust the T-match! 
The measured VSWR was less than 1.5:1 from 
144 through 144,8 MHz. 

One final recommendation: during the man 
ufacture of these antennas, an oily film appar¬ 
ently develops on the elements. This normally 
isn't a problem, but before it wears off, rain 
droplets may cling to the ends of the elements, 
thereby degrading the radiation pattern. So I'd 
recommend cleaning the ends of the elements 
with acetone or an equivalent solvent before 
assembly. 

If you use a single 2 meter Boomer 4218 XL 
Yagi, it will probably work best mounted clear 
of other antennas. If this isn't possible, try to 
mount it at feast one-half wavelength or at least 
40 inches away from any other antennas on the 
same mast. 

These antennas will stack very well; four 
should make a great 2-meter EME array. Cush¬ 
craft recommends 13 1/2 leet in the E (horizon¬ 
tal) plane and 12 1/2 feet in the H (vertical) plane. 
From my stacking experience, I think that these 
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A. M (ere w«v* Associates 10 GHz Gunnptexer. Two of these transcehers can fotfn the heart of a 10 GHz 
communication system for voles, mew, vldso or data transmission, not to mention mountalntop OXIngt 
MA87141*1 (pair of 10 mW transceivers) $261.95. Higher power units (up to 200 mW) available. B. Micro- 
wave Associates 24 GHz Gunn plexor. Similar characteristics to 10 GHz unit MA076204 {pair of 20 mW 
transceivers) $739,20. C. This support module Is deslgnad for use with the MA67141 and MA6702O and 
provides at! of the circuitry for a full duplex audio traneeelve system. The board contains a low-noise. 
30>MHzfm received modulators ter voice and mew operation, Gunn diode regulator and varactor supply. 
Meter outputs are provided for monitoring received signal levels, discriminator output and varactor tuning 
voltage. RXMR30VP assembled end tested $119.95. 0, Complete, ready to use communication system 
for voice or mew operation. Ideel for repeater linking. A power euppty capable of delivering 13 volts do 
at 250 mA (fora 10 mW version), microphone, and headphone and/or loudspeaker are the only additional 
Items needed for operation. The Gunnploxer can bo removed for remote mounting to a tower or 2 or 4 
foot para botlc antenna. TRIM A (10 GHz, 10 mW) $399.96. Higher power units available. TR24G A (24 G Hz, 

20 mW) $538.95. Also available: horn, 2 and 4 foot pa/a* 
_ I I bollc antennes, Gunn, varactor and detector diodes, 

HO VOnCCCl search and lock systems, oscillator modules, waveguide, 

_ • flanges, etc. Call or wits for additional Information. Let 

Receiver ARR taka you higher with qualify 10 and 24 GHz equipment! 
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*Compl«t« Cable Assembly facilities MIL-STD 45208 

•Commercial Accounts welcome* Quantity pricing * Same day shipping most orders 
♦Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Times Fiber 


Call NEMAL for computer cable, CATV cable, Flat cable, semi-rigid cable, telephone cable, 
crimping tools, p~sub connectors, heat shrink, cable ties, high voltage ronnectors. 


HARDLINE 50 OHM 

FXA12 1/2* Aluminum Black Jack*t... .08/Y 

FLC12 1/2* CaMmvave con. copper bik jkt . 1.59/It 

FI.C7Q 7/8" Cabiowavo con.copper bik jkt . 3,92/ft 

NM12CC N conn 7 /7* con copper m/J . 23.00 

NM79CC N conn 7/S* con copper m/f .54.00 

COAXIAL CABLES (per ft) 

11 80 BELDEN 9913 wy low loss . 48 

1102 RG6/II &5% shield low loss kwn Itga ....,.-3? 

1110 RG8X 95% shield (mini 6} ...75 

7 730 RG213/U 95 % shield mi) spec NCV )kt . 38 

7140 RG214/U dbi slNer sNd mil spec .t.65 

1706 RGU2B/1) dbi silver shfd, teflon Ins .1.50 

7370 RG217/V 50 ohm 5000 wait dbi shid .85 

7450 flG 7 74/U 50 ohm , ICkT od mlI spec .74 

ROTOR CABLE-8 CONDUCTOR 

9C1822 2 l&ga and &22ga . 19/ft 

9C1B20 2-1dga and &2Qqa . 38/ft 


CONNECTORS-MADE IN USA 

NET20 Type N plug for Betden 9913 .*195 

NE723 Type N jack for Betden 9913 . 4.95 

PL259 standard UHf plug for RG8,213 1... 65 

Ft25&M Amphenol PL259 . S9 

PL259TS PU59 teflon fns/sikmr pioted . 7.59 

PL253AM Amphenol temafe-femafe (barrel) ... 7.45 

UG175/VG176 reducer tor RG58/59 (specify) . 22 

UG21DS N plug for RG0,213,214 Sliver . 3 35 

UG838 N jack to PL2S9 adapter, teflon . a. 50 

UG140A SO209 to N plug adapter, tattoo . fi.50 

UG255 50239 to BNC plug adapter, Amphenol. . 329 

SO230AM UHF chassis mt receptacle^Amphenoi . 89 

GROUND STRAP-GROUND WIRE 

G$38 3/8* tinned copper braid . ,.30/ft 

GS72 1/2* timyad copper braid . 40/ft 

GS20O hl/T hoary tinned copper braid . 2.00/ft 

HW06 8ga Insulated stranded wire . 35/It 

AW14 14ga stranded Antenna Wire CCS .. .12/ft 


^Shipping: £able Connectors $3.00, Visa/Mastercard $30 min, COD add $2.00 

Coll or wme for complete price list NemaJ's new 36 page CA0tiT AND CONNECTOR SELECTION GUIDE is eveileble 

at no charge with orders of $50 or more, or at a cost of $4 with Credit against nert qualifying order. 


NEMAL ELECTRONICS, INC. 12240 NE 14th Ave, N. Miami, FL 33161 
(305) 893*3924 Telex 6975377 24hr FAX (305)895*8178 
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are very dose to optimum/ If you do stack these 
Yagis, make sure not to flip them over or invert 
the feedlines. 

Priced at about $150.00. tins antenna is defi 
nitely recommended for the serious 2 meter 
operator The boom is very long - almost 29 
feet, which is quite large by VHF standards, so 
it isn't recommended for Hie fainthearted. How¬ 
ever. this is a necessary evil if high gain on a sin¬ 
gle boom is desired. The beamwirith of a single 
4218 XL is about 26 degrees, wiih the first side 
lobe down at least 16 dB. I'd strongly endorse 
this antenna for 2-meter tropo and EME 
operation. 

For information, contact Cushcraft Corpora 
tion, 48 Perimeter Road, Manchester, New 
Hampshire 03108. 

• W1JR 
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Li Jo*> HiNMrrt. VtytjR. ' VHF UW : Wo/l(l Yiit]i F.'m'K <ijmJ F.il 
liicics.' fuurt fihfu) Muv. 1 *t*3. 
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products 


220-MHz base station xcvr 

ICOM has introduced the first 220 MM/ base 
station transceiver, the 1C 375A. a deluxe all 
mode radio that covers 216 230 MH/ and has 99 
tunable full Junction memories, passbnrtrl fun 
mg. a notch filter, a noise blanker, a hi till in SWR 
bridge, semi- or full CW break-in, a multi 
function meter, ’Velvet much" tuning, and an 
easy-to-read amber LCD readout with variable 
backlight. Four scanning systems are available: 
band, programmable, plus mode and memory 
scan wild selectable lock-our that scans 99 mem¬ 
ories in 5 seconds. All subaudible tones are built- 
in; the actual subaudible frequency is displayed. 
Standard repeater splits are built-in and odd splits 
are programmable. 

For details, contact ICOM America, Inc., 2380 
116 Avenue N.E.. P O. Box C 90029, Bellevue, 
Washington 98009-9029, 

Circle #301 on Render Service Curd. 
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new high-powered VHF 
amplifiers 

The new HL 250V25 high power VHF ompli 
tier (or 2 meters from Tokyo HY Power Labs. 
Inc,, features a special combination of two sep¬ 
arate modules, each capable of delivering over 
126 Watts. It also provides an internal GaAs F£T 
preamplifier for pulling in weak signals. 

Priced at $459.35, I ho HL 250V25 requires 13.6 
Vdc at 38 Amps maximum for power output of 
250 Watts. For information, contact Encomm, 
Inc., 1506 Capital, Plano, Texas 75074. 

Circln /303 on Reader Service Card. 


active audio CW filter 

The CW l Active Audio CW Filter is BFL 
TEK's latest addition to its line of kus. The CW I 
eliminates QRM for easier copying and easily 
connects between your transceiver and speak 
or. The CW 1 has three selectable handwrdths 
i,90, 130, and 200 Hzl, with a center frequency 
of 800 Hi. 

Priced at $19.96. the CW 1 measures 2 - 3.4 
inches and can he powered by a 9 volt battery. 



For more information, contact BEL. TEK. P.U. 
Box 125, Beloit. Wisconsin 53511. 

Circle #304 on Reader Service Card. 
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SALES 
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repeater control board 

Tin? latest additions to the Creative Control 
Products line Eire the SRC 10 smart repealer con 
trol board and The P! lO.'S Jink synthesizer board. 
The SRC 10 is a low cosh low power, self con 
lamed microprocessor-based repeater controller. 
All repeater (mictions have been incorporated 
onto 3 4 * 6 inch G 10 gfass epoxy printed err 
ctnt hoard with one interfacing connector for 
ease ol installation and reliability. 

Priced at $149, the SRC* 10 controller provides 
up to seven buttered auxiliary function control 
outputs selected remotely via a three digit DTMF 
command. The SRC* 10 controller responds with 
a Function Complete tone after each valid DTMF 
command. In addition to the Function Complete 
Tones are Auxiliary Function Tone Responses 
to indicate <m ON Of OFF condition. Courtesy 
Tone Responses are also available to indicate 


Barry Electronics Commercial Radio Depl. oilers the Best in two-way com mu mca Irons for Busi¬ 
nesses. Municipal!lies. Civil Defense. Broadcasting Companies. Hospitals, etc. Sales and Service 
for all brands: Maxon. Yaesth Icon. Tad. Oclagon. Regency/Wilson. Midland. Standard. Uniden. 
Shinway. FujttuS. Seas. Sprllsbury. Neuiec. etc Call or write for information. 212-925-7000. 


Iron Powder and Ferrite 

TOROIDAL CORES 


Shielding Beads, Shielded Coil Forms 
Ferrite Rods, pot Cores, Baiuns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 


AMIOGjIIM. 



Since 1963 

12033 Otsego Street North Hollywood, Calif. 91607 

in Geffnany Flexion *.mom W'lfiefm — Melnes Su 8fl ^930 Oermoio ifl ,ve$i Ceimany 

Ifi J303 ft 7 3yomiita ciecuo m cs Company. Eld ?9 ? Cbomn Sola Kanda Cbiyoda Ku Jo*yo Japan 
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SPECIALISTS 

IN FAST TURN . 

P.C. BOARDS 


PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 

• SINGLE & DOUBLE SIDED 

• PLATE THROUGH HOLES 

• TEFLON AVAILABLE 

• P.C. DESIGN SERVICES 

FOR MORE INFORM A TION _ 


/Midland 
Technologies 

34374 EAST FRONTAGE ROAD 
BOZEMAN, MT59715 (406)586-1190 
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DETECTION DYNAMICS 
4700 LOYOLA LANE, SUITE US 
AUSTIN, TEXAS 7S723 
C51S3 345-B4Q1 
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MICROWAVE EQUIPMENT 

RMVO-3.2: 2.Z-3.2 GHz VCO .$45.00 

RMVO - 3.2M: 2.Z-3.2 GHz VCO with 
Mixer/Detector Diodo. . $65.00 

1- 1000 MHz Sweep Generator $175.00 

2- 3 GHz Sweep Generator $150 00 

PRICES INCLUDE SHIPPING IN U S. 
IF ORDER INCLUDES CHECK OR M.O. 

DELIVERY APPROX. 4 WEEKS A.R.O. 

ROENSCH MICROWAVE 

R.R. 1, Box 156B 
BROOKFIELD. MISSOURI 64628 
PH: 816*963*2550 
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products 


repeater or link COS activity. There's also a lock 
command that's especially useful for dealing with 
jammers or hackers; when selected, the con¬ 
troller ignores all DTMF commands until the un- 
lock command is received. 



With the optional PI-10/S synthesizer board 
($39), the frequency and offsets of the link radio 
may be programmed remotely. After the fre¬ 
quency and offset is sent in serial formal from 
the controller, it is converted into parallel out¬ 
puts to interface with the link radio's frequency 
synthesizer. A readback command can he used 
to verify the link frequency. 

For details, contact Creative Control Products, 
3185 Bunting Avenue, Grand Junction* Colorado 
81504. 

Circle #302 on Reader Service Card. 


three new antennas 

MFJ Enterprises, Inc. has announced the re¬ 
lease of several new antennas. The MFJ-1710 
($9.95) is a 3/8-wave, 2-meter telescoping an¬ 
tenna with BNC. It comes with a convenient 
pocket clip and measures 5-3/4 inches collapsed 
and 24 1/2 inches lully extended. 



The MFJ-1712 ($14,95) is a 1/4-wave 20-meter 
and 5/8-wave 440-MHz telescoping antenna with 
BNC. It measures 7-1/4 inches collapsed and 19 
Inches fully extended. 

MFJ-1714 ($16.95) is a 1/2-wave 20-meter 
telescoping antenna with BNC. This unit is an 
end-fed, 1 /2-wave dipole, which is shorter, light¬ 
er, has more gain and places less stress on the 
connector than a 5/8 wave mounted on a hand¬ 
hold. When collapsed, it performs like a rubber 
duck. 

I 

These MFJ products come with a double 
guarantee: order any product from MFJ. Try it. 
If you're not satisfied — for any reason — re¬ 
turn it within 30 days for a complete refund (less 
shipping). MFJ products are also covered by a 
one-year unconditional warranty, so customers 
are assured of continued service. 

For more information, contact MFJ Enter¬ 
prises, Inc.. P.O. Box 494. Mississippi State, 
Mississippi 39762, 

Circle #305 on Reader Service Card. 


hardware and software for 
Yaesu transceivers 

The HF-Link line of hardware and software 
products provides a unique approach to control¬ 
ling the Yaesu FT 980 and FT 757GX hf tran¬ 
sceivers. Designed to interface with the Atari 
8-bit family of microcomputers, the new prod¬ 
ucts allow control of these transceivers with a 
standard joystick and eliminate the need for 
typing operating commands. They provide an ac 
curate, on-screen graphic depiction of the tran- 
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sceiver's operational status; memory channel 
scanning at rates determined by the user; rapid 
updating of station logs; unlimited disk storage 
of tog and memory channel data files; and per¬ 
formance of other functions even when the oper¬ 
ator Is absent. 

For details, contact Wald-Easterday Associ¬ 
ates, Inc., P.O. Box 16165, Columbus, Ohio 
43216 . 

Circle /306 on Reodor Service Cord. 


new antenna catalog 

A new full-color, 12-page brochure shows 
Centurion International's complete line of anten¬ 
nas for portable radios, pagers, and cordless tel¬ 
ephones, as well as accessory adaptors and 
cable assemblies. Included is a connector iden¬ 
tification chart and list of radio models on which 
each style is used, making it easy to order the 
correct antenna. 

For a free copy, contact Centurion Internation 
<jl, Inc., P.O. Box 82848, Lincoln, Nebraska 
68501, 

Circle /307 on Reader Service Card. 


satellite receiver/ 
descramblers 

The new 2500R integrated satellite TV receiver 
and descrambler from General Instrument's 
VideoCipher Division combines the leatures and 
benefits of a receiver and a descrambler in a sin¬ 
gle unit. With the 25O0R, consumers can pur¬ 
chase authorization to receive the descrambted 
signals of nine premium television programmers 
currently scrambling their satellite broadcasts 
(another 20 programmers intend to scramble 
their signals by the end of 19871. 

Priced at approximately $1250, the Video- 
Cipher 2500R, with wireless remote control, uses 
advanced circuitry that provides a threshold im¬ 
provement of up-to 2 dB over other receivers, 
reduces "sparklies," and provides crisper 
images. 

Other key features include two methods of 
parental supervision for controlling access to 
specific programming, a built in terrestrial inter¬ 
ference filter optimized for use with the Video- 
Cipher II descrambler, programming for 24 
C band and 32 Ku band channels, and digital 
stereo audio. Ari optional antenna positioner 
power supply allows users to program up to 21 
satellites in memory and to program 10 channels 
on any satellite fo, instant recall by remote 
control. 

The VideoCipher* II 2400R, a new lower priced 
($1050) integrated unit comes standard with 
wireless remote control, iwo methods of parental 
program supervision for controlling access to 
.rejected programming, fully programmable an¬ 
tenna positioner, programming for 24 C band 
and 32 Ku-band channels, and digital stereo 
audio. 
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GEM QUAD PRODUCTS (1987) LTD. 


Chosen By Amateurs For Over 15 Years. 
Winner of the Manitoba Design Institute 
Award of Excellence. 

Will Accommodate New Bands From 


2 To 20 Meters. 
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2 Element $235.00 

3 Element $399.00 

4 Element $563,00 
Price is F.O.B. Boissevain. 

Includes U.S. Customs Duty. 
Kit Includes: Spider, Arms, Wire, Baiun 
Kit and Boom Where Needed 


Boissevain, Manitoba, Canada RIK1E6 
P.O. Box 291, Telephone (204) 534-61B4 



V/SA 




ICOM * 


k\l HF 

COMMUNICATIONS 


Coni Act us lot all of your amateur radio 
needs FEATURING 

ICOM. AEA. LARSEN. VAN GORDEN, 
VI0ROPLEX. NVE-VIKING. FALCON 
COMM, LEADING EDGE. ARRl PUBLI¬ 
CATIONS. KAGLO. HAMTRONICS, 
PROWRtTER, ELEPHANT DISKS. 
DE8CO, TRtONVX ^ 


915 North Main Straat MmAm AW VmA j jt**t - fXW r+Am / 

Jamestown, New York 14701 PH. (716)664-6345 
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Crystal 

Fitters 


For most Ham Rigs from: 

KENWOOD « YAESU • HEATHKIT 

Also Drake R-4C/7 Line, COLLINS 75S3-B/C 
and ICOM FL44A, FL52A, FL53A clones. 

Finest 8-pole Construction 

ALL POPULAR TYPES IN STOCK 

CW • SSB • AM 

ASK ABOUT OUR MONTHLY 

UNADVERTISED 

SPECIALS 

Phone for Information or to Order. 

VISA/MC or COD accepted 
Why risk disappointment? Buy time - 
tested Fox-Tango Filters to be sure! 

FOX-TANCa Corp. 

Box 1 5944, W. Palm Bch, FL 33416 

Telephone' (305) 683-9587 
European Agent: INGOiMTEX, Post Fach 2449, 
D8070 Ingolstadt, West Germany 


[YOU NAME IT. 
WE’VE GOT IT! 

Al Consolidated Electronics Inc we carry over 10,000 
parts and products such as fuses, semiconductors, 
batteries, capacitors, resistors, wire, cables, connectors, 
antennas, chemicals, speakers, test equipment, solder 
mq equipment, styli and cartridges, video heads, 
telephone accessories, and more Consolidated 
Electronics 'S an authorized distributor tor 


Action” 

Amperex"- 

Amphenol 1 ' 

Argos” 

Beckman tm 
B&K Precision tm 
Bogan 1 ’ 

Burgess’ 

CTS”’ 

Electro-Voice’ 
Fluke” 


' Plumb’ 
i SAWS tm 
■ Simpson*' 

I Tech Spray tm 
I Thordarson”' 
i Ungar'* 
l Viz tm 
. Waber" 

I WahT’ 

: Weller' 8 - 
) Xcehte” 


I : GF* ! 

i 1 IPS' i 

I ] Loctite" L 

i ! Kester’ I 

i Mercer tm I 
i i Nicholson’ f 
Li O C White” I 
ilOK Tools” ; 

I i Panavise” L 
U Pedro* L 
; i Philips" i 
All part orders shipped In 24 hours. 

2 Year warranty on all parts. 

Call toll free today. 

1 - 800 - 543-3568 

CONSOLIDATED 

ELECTRONICS 

705 Waterviiei Ave , Oayion Ofiio 45420 2599 
Tel (513)252 5662 Telex 288 229 PAX 513 252 4066 
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AMATEUR RADIO MAIL LISTS 

Self-stick 1x3 labels 

*** NEWLY LICENCED HAMS *** 

*** ALL NEW UPGRADES *** 

*** UPDATED EACH WEEK *** 

Total List = 462,728 (ZIP sorted) 

Price is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 23117 
703:894-5777 
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products 


For further information, contact General In¬ 
strument, Videocipher Division, 6262 Rusk Road, 
San Diego, California 92121. 

Circle #309 on Reader Service Card. 


circuit analysis program 
for the C-64 

The new ALADYN-64 interactive circuit analy¬ 
sis program from Interceptor Electronics allows 
users to design linear ladder networks, common¬ 
ly found in rf amplifiers and filters, on the Com¬ 
modore 64 computer. 

Formatted to simulate a vector network ana¬ 
lyzer, the program permits the designer to select 
the frequency range over which the circuit will 
be tested. Output is in the form of S parameters 
on either a rectangular grid or Smith chart. 

A disk drive is required; a printer is optional. 
The program, priced at $59.95 (postpaid) is writ¬ 
ten in BASIC and compiled for increased speed 
of operation. 

For further information, contact Interceptor 
Electronics, Route 1, Box 439, Round Hill, Vir¬ 
ginia 22141. 

Circle #308 on Reader Service Card. 


communications software 
packages 

Kalt 8- Associates offers packet radio and 
multi-mode traffic handlers and other users 
several software packages for IBM and IBM- 
compatible PCs. Their Digipac II, for example, 
includes such exclusive features as full-screen 
editing (split-screen mode), full NTS traffic 
macro system, an alert alarm system with vis¬ 
ual/audible/printer and disk control modes, 
"make-your-own" pop-up help screens, multi¬ 
sound alarms, "format-your-own" time/date/ 
operator stamp, and user-defined function keys. 
Also available are full message forms, a pop-up 
help system, split screen, ASCII/binary file trans¬ 
fers, macro keys, macro files, DOS shell, charac¬ 
ter and line buffer mode, auto line feed, disk 
logging, and other features. Scrolling function 
keys eliminate all the confusing ALT/commands 
common to other programs. Digipac l| is priced 
at $49.95 plus $3.00 postage ($8.00 foreign). 

The Message Form system is available inde¬ 
pendently for users who already have other com¬ 
munications software; it's priced at $29.95, with 
the same shipping rates. 


For information, contact Kalt and Associates, 
2440 E. Tudor Road, Suite 138, Anchorage, 
Alaska 99507. 

Circle #311 on Reader Service Card. 


ATV transmitter 

The TX70-1 1-watt, 70-cm (420 to 450 MHz) 
ATV transmitter is a small (6 x 5.2 x 2.5-inch) 
unit designed to enable Technician or higher- 
class Amateurs to transmit live-action color or 
black and white composite video and audio from 
cameras, VCRs, or computers to other hams. 
The TX70-1 is a companion to the TVC-4G re¬ 
ceiving downconverter. 

The TX70-1 contains the improved KPA5-C 
transmitter board, which added a video moni¬ 
tor output of the actual modulated rf. Priced at 
$229 for single frequency, (a second crystal is 
available for $15), the unit has provisions for 
switching between two frequencies (the most 
popular frequencies are 426.25, 434.0 and 
439.25). A switch is also provided to select video 
and audio input from either the 10-pin VHS-type 
home color cameras, or phono jacks for other 
cameras, VCRs, computers, or any composite 
video and line level audio source. A mic jack and 
"push-to-look" jack is available for low-impe¬ 
dance dynamic microphones and transmit/re¬ 
ceive switching. The external power requirement 
is 12 to 14 Vdc at 500 mA plus whatever the con¬ 
nected 12-volt camera draws. The antenna con¬ 
nector is a type N, and a BNC outputs to the 
receiving downconverter from the built-in rf T/R 
relay. 

The shielded cabinet of the TX70-1 is small 
enough to be carried in a knapsack for portable 
operation. Theoretical snow-free, line-of-sight 
DX using the 1 -watt TX-70-1, TVC-4G downcon¬ 
verter and six-element KLM 440-6X beams is 5 
miles. For greater DX with mobile or base 
applications, the output power and the sync 
stretcher in the video modulator of the TX70 1 
matches the 50-watt Mirage D24N amplifiers' lin¬ 
ear input vs. output range. 

Licensed Amateurs can contact P.C. Electron¬ 
ics, 2522 Paxson Lane, Arcadia, California 91006, 
for more information and a complete catalog of 
this and other ATV products for the 70, 33, and 
23 cm bands. 

Circle #310 on Reader Service Card. 


Sub Problem? 
Contact Sue. She’ll 
fix it for you! 

(603) 878-1441 

Ham Radio 

Greenville, N. H. 03048 
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RATES Noncommercial ads 10$ per word: 
commercial ads 60 c per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy Ham Rad to can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N H. 03048. 


SMART BATTERY CHARGER for c»eM ce'ls o» lead acid bat 
lenes. by Wswn Dion, W1B8H See Jure '&'f US" Magazine 
for crcmT details. Complete k* 1 , not hint; else Ip buy. only $49 95 
plus $150 s/b Q-de- *150 KJT, A ENGINEERING. 2521 
W. LaPnlma. Unit K, Anaheim. CA 92801. <7M) 952 2114. 

WANTED: WW2 Transceiver BC 654 (SCR 2841 and PE-'C3 
dyna motor Also 1947; 48 issues of Radio Craft a no Radio & TV 
New; magazines f Bircher. 108 Tmy Drive. Slidell, LA 70461 
1540) 649 7425 


FULL NTS TRAFFIC MESSAGE FORMS FOR PACKET OR 
RTTY or» your IBM PC. MESSAGE-P AC work;; with any corn- 
munrca(io-is program to gw you full Message forms and for 
matted errifit macro command files, ready to transmit Fhis is 
die one you've beer wmtirg lor With user defined Pop Up Help 
b Select‘Oh System that no one else offers. Can Pro Load forms 
<rom d sk Only $2.9 95 DEMO DISK tor $2 00 W-ite fm mfor 
mation. Kbit and Assoc iates, 244C L. Tudor Rd Suite 138. An 
i: borage. Ak 9966? 907'748-0133 Charge Ca-ds accepted 


CHARGE 

YOUR CLASSIFIED ADS 



to your 
MC or VISA 
write or call 



HAM RADIO MAGAZINE 


Greenville, NH 03048 
(603) 878-1441 


ELITE * CODE PROGRAMS. Apple h < .C y,GS C 64/128. 
3 / modes. Graphics, wewdprocessof, menus tossons, speed 
techniques, drill, practice, print, teach, view modes: V 100 WPM. 
variable sound, character, word spacing, and moie. $49 95 
Check /MO CODs add $2 On«r versions ($14 95 $44 95) 
$3.50 demo disk gives $2 off next purchase. Write: LARES CO, 
POB 2018, 1 20r) Ring Road, Calurtenl City, IL 60409 
1-312 891 3279 

ANALOG AND RF CONSULTING 'or the San Francisco Bay 
area James Long. Ph D N 6 Y 8 (4081 733-8329 


TEST EQUIPMENT WANTED Don't wait we'll pay cash 
lot LATE MOD CL HP, Tek. etc Call Glenn, N7EPK. at Skagitton 
ics Co. (800) 356 TMON. 

“HAMLOG” COMPUTER PROGRAMS 17 modules auto logs 
sorts 7 hand WAS; DXCC Full features Apple $19 95. IBM or 
CP M $24.95 KA1AWH PQB 2915. Peabody, MA 01960. 

RV OPERATORS ore rnvited H> check in Sun 2 PMC. 14 24C 
t 5 Tilt’s, Thins 8 PMC 3 880 -5 Coed Sam RV Net. Info 
SASE KJ4RO 

CHASSIS, CABINET KITS. CASE K3'W*<. 5129 Harmony 
Grove Road. Dow. PA t/3iS. 

TELEVISION SETS made before 1946. early IV parts, litera¬ 
ture wanted for subvantial cash. Especially interested in mirror 
ir the lid'* arid spinning disc tv's. Finder's fee paid fur (Mads. 
Arnola Chase, 9 RlJ ihleujh Roan. West Hartford. Conn. 0611 / 
(203i 521 5280. 

ENGINEERS iD jui’St free catalog of Electronics Software C r 
curt analysis, tiller di.-Sign. yraphres, etc. RV F-Wjineenrwj. 2200 
Business Way. Suiu 207. Riverside, CA 92501 (714) 781 9252 

REMEMBER TROLLEY CARS? Jroffey T'ensures; 1 he War 
time Vears n Vew Jersey 11939 1947), a 4 volume photo 
documnniary ristniy, includes 16(X> unpubl shftrf. nr.gma 
photographs plus extens.vy histoncai notes. Volume I, The Com 
proonse Root Cars oi PufrUc Sen/we Coordinated Transport. 
ready now SASE f jr details. To truer, coni act Trollcv Themes, 
A-W. Minfcoff. 2237 3Wood$i<te Lane, Sacramento. CA 95825 
($14 95 plus $1 50 SEfHI 

S$SS$SUPER SAVINGS on electronic parts, compcrems, sup 
p ! ies and computer accessories, -ree 4C page catalog for SASE 
Get nr our mailing I s;*. BCD ELECTRO, PO Box 830119, Rirhai J- 
sor, TX 75083 or call <2-41 69C 1102. 

RTTY JOURNAL— Now h oir 35th year Join the circle of 
RTTY fnerds bon al‘ over the world Year's subscription to 
RTTY JOURNAL, $10-00. foreign $15,00, Send to: RTTY JOUR 
NAL. 9085 La Capita Aye., fountain Valley, CA 92708 

IMRA Internaimna Mission Radio Association helps mission 
aries Equipment loaned Weekday net. 14 280 MH7. 1-3 PM 
Eastern. Nine nurdreo Amateurs in 40 countries. Rev. Thomas 
Sable S J. University of Scranton Scranton. PA 19510 

DIGITAL AUTOMATIC DISPLAYS fnx FT 101 s. TS-520 s 
(DG-5 cionrr), Colti-is, Drake. Swan. Heath and all others. Si* 
1.2" digits 5 #t'e by 11/4' high metal cabinet Reads re 
ceivcand trartsmi: frequences- Sent $2.00 for information and 
receive a $30.00 discount. Includes accuracy comparison of the 
simple "BCD" readouts, found n new radios acamsl our ‘Cal 
culaiing Frequency Counter " readouts. Ploaso be specific. 
GRAND SYS! EMS, POB 2)71, Baire Washington 98230 

WANTED Manuals and CaDlesfor !ype RBM 3 Revr, June 1942 
and CCT 20086 power unit D. Palmer. W 6 PHF, 638 3envenue 
Avenue . os Altos, CA 94027. 


SACK ISSUES HR Magazine horn Vol. 1 No 1 thro 1986. ex¬ 
cept 2 Issues. $l:j0 foi dil postpaid Also PopTroniCS. RE, 73 
back to 1961. $15 09 full yea' Write with your needs. Bill ^oss 
man 632 Wet mere. Everett WA 98201 

COMMODORE REPAIR. We the largest and oldest service 
center m the cot nlry. log C64 repair $39.95) 72 hour turn 
around Call toil Free 1 800-642 7634 loutside NY: 914-356-3 * 31. 
Kasara M.c-osystems, Inc , 33 Murray Hill Drive, Spring Valley. 
NY 10977 

COMMODORE CUSTOM CHIPS tor C64T28 Compute;/ 
Penpheials ar Inw prices. 24 hour delivery <ffi6l0-$9 55, 
*3526 $9.95. *6467 $14.75, *G581 $12.85, FLA $19.95, 901 
ROMS at $ 10 95 each Ci28 RUMS $39 96 Iset of 31 and many 
others . THE COMMOOORE ClAGNOS^IC AN / A complete 
diagnostic reforer <:e chan for fixnt) Commodore computers, etc. 
An absolute musi for those who wart to 6 * thei- own computers 
and save money -<nd down time. $6 95 plus postage. ..HD Power 
Supply to* C64 $27 95 Send for complete chips/parts cuta-oy 
Kasara Mic r osystems, Inc , 33 Murray Hill Dr ve. Spring Valley. 
NY 10977 800-248 2983 [outside NY1 or 914-356-3131 

MARCO; Mt-drc.it Amateur Hartio Couoo.l, Ltd, operates caily 
and Sunday cels Medically orienteo Amiilttuts; iphysicians, den 
lists, vete'inai nurses, physiot ierapists, lab lurlviicuns, ?;tC; 
invitetf lo >oifi Pr«5en!fy aver 550mpmb(?rs For in forma non wore 
MARCO, ’Bo* /3si. Acme, PA t56lU 

TUBES FOR SALE. New and used, old ard current, 25 corns 
and up. Send i$t for quote T ed Vciritjrwn, 2225 Vigo Sireet. 
Lake Satal on, N 46405 

HAM LICENSES SUPEREASY. Cut exam p-eps 50 percent 
All classes. Fiee catalog. SASE Bahr, 2459 H5 Temple Palm- 
bay, FI. 32906 


XEROX S00 Electronic Typing System techricpl information o r 
schematics oecded. ierrylhompson. dox 93t. Daoia, TL 
33004 0935 13061 920*1909 


HOMEBREW PROJECTS LISTS SASE Wfi?£UF. 8 ox 708, 
East Hampton, NY “igS?. 

RUBBER STAMPS: 3 f;re$ $4.50 PPD Send check or MO to 
G.l... Pierce, 5521 Birkdale Way, San Dibgo, CA 92117 SASE 
bongs mformallon. 

ELECTRON TUBES: Recetving. transmitting, microwave... all 
types available Large stock Next day delivery, most cases 
DAILY ELECTRONICS. P0 Box 5029, Compton, CA 90224 
17131 774 1255. 


CUSTOM MADE EMBROIDERED PATCHES. Any size shape 
colors Five patch minimum Free sample, prices and ordering 
information HEIN SPEC ALTIES, Inc., Dept 30’ . 4202 N Drake, 
Chicago, IL 60618 


RECONDITIONED TEST EQUIPMENT $1 25 for eala/oq 
Waller. 2697 Nickel, San Pablo, CA 94806. 

SATELLITE DISTRIBUTOR oPers lowest prices on W negjfd 
10 ‘t, UPS shippabe amennos, KU-LNB's 70 MHz Down Con¬ 
verters, and new 1 C 160 boards Best uenlson MSE LNA’s arc 
LNB's, Star cast receivers, and actuators for Arjnta and IQ-160. 
Master Card fr Visa accepted E S.M.. Inc., I 800-457 3060 or 
314 343 7745. 



COMING EVENTS 

Activities — “Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDfNATORS; PLEASE INDICATE IN YOUR ANNOUNCE 
VtENTS WHETHER OR NOT YOUR HAMFFST LOCAT'ON, 
CLASSES, EXAMS, MEETINGS, FLEA MARKETS ETC. ARE 
WHEELCHAIR ACCESSIBLE. THIS INFORMATION WOULD 
BE GREATLY APPRECIATED 9Y OJR BAOTHER/SIS fER 
HAMS WITH l IMITED PHYSICAL ABILITY 

CONNECTICUT: November * 6 . SCARA irooor Ham Radio ard 
Comouier Flea Market. N Haven Park end Recreation Comer 
/ Kinsley Si. N Haven. Sellers admitted at 7 AM: boyets 'rom 
9 AM to 3 PVf 14 Tables are $10 in advance, $15 at the door Gere' 
aJ edrnissror $2 per oersen Talk in on M6.61 MH 2 . Reservanonsi 
for tables must be prepaid by November 4, 1987 and rq ner¬ 
vation by phone. Fpr information or rese r vatious> SASh to: 
SCARA. POB 81. N Haver. CT 06473 or call Hr ad as '2331 
265 6478 between 7PM arid iC PM 

1987 ‘BLOSSOMLAND BLAST ’ Sunday. September 20 , 
1967 Write -BLAST'' PO Box 175. St. Joseph, Ml 49085. 


OHIO: September 77 The Cleveland Hamtest Association s an¬ 
nual Hardest and Compute- Sl»ow. Cuyahoga County hair 
grounds. Herea. Doors ripen 8 AM to 4 PM tary setuo 6 AM. 
VE exams 9 AM Tevti (oruma vr;J nun iiriiTi ar.-iviiics d|l <lay. 
Talk in on 146.52. Admission $3 50 advance; $4 00 at the gate. 
Inside tables $10 Outside Hea market $4 00 . Saij-day night t.ian- 
quet Fpr more infauna’ion wri*e C.H A., POB 8125Z. C|<ve 
land. QH 44181 0252. 

ILLINOIS: September 12. The Ntvthern Illinois DX Association 
rnvites all Amateurs to attend J he 35 th annual W9DXCC UX Lon 
vertfon, Ho’rday Jo >. 1250 Roosevelt Read. Glen 

Ellyn For information and registration- Howie Hunting tan, 
K9KM 65 South Burr Oak Drive. «_ake Zurich, IL 60C47. 

NEW JERSEY: Sepiombor 20. Tr«: Sou to Jersey Rado A:i^<oci 
anon, 'be oldest continuously operating radio cub in ttto US, 
will held its 39th annual Ham lest Pemsaukerr Senior Hrgh 
School. Rt 73 and Remmintjtcn Ave. Penrs<iukert. B AM to 2 
PM T ckc-ts $3/gate*; $2 50. advance Sellers $5 p er space plus 
admission Vfc testing ail classes. Registration 9 30 AM 
ments available Talk in no 145.290 For more mfn or tickets con¬ 
tact Fred Holler, W2EKB, 348 Bortons Mrl Cherry 1-4 . NJ 
08034 (609) 795 C5/7. 

NEW JERSEY: September 13. The UeVrv "etb ARC will have 
a Ha n Ranio 'Computer ‘lea market, school parking lot, 479 
G erm Street Wooobridpe. 9 AV) to 5 PV). Vendors setup 7 AM 
Sellers $3 'per car space 2 bee spaces lor non prohi organiza¬ 
tions Buyers admitted free. For information <,j|l Linda '231) 
634 34ti0 dayi anil Frarx, WR2JKU (761; 787 0818 evemtps. 

OREGON: Seplemiicr 25 27 TheWalia Wal f a Valley A wJ) 
hold its annual Homfes:, Oregon Comm unity Building in Milton 
Freewater. 8 AM ro 5 PM. Tables and admissmn FftEE i:*ams 
both days. Walk ins accoptod. Fo- more ir for mat ion contact Bef¬ 
ore F’aret, WA/CBX, 610 S. Firsi Avenue. Walla WalH. WA 
99362 nr phone (509J 529 9879 
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MINNESOTA: September 26. The Viking ARS will host its 17th 
annual Swapfest. Waseca High School, Waseca. Doors open 
8 AM. Talk in on 34/94. Formore information contact VARS, 
POB 3, Waseca, MN 56093. 


CONNECTICUT: September 13. The Candlewood ARA's an¬ 
nual Flea Market, Danbury Elks Club, 346 Main Street, Danbu¬ 
ry. 9 AM to 3 PM. Dealers 8 AM Admission $3. Tables $8. 
Tailgating $5. Talk in on 147.72/12. For table reservations send 
cheek or MO to CARA c/o Gene Marino, 31 Valley View Rd, 
Newtown. CT 06470 or call Gene at (203) 426-8852. 

GEORGIA: September 27. The Lanierland ARC will hold its 14th 
annual Manifest. New Location- Georgia Mountain Center neat 
Holiday Inn, Gainesville. 8:30 AM to 3 PM. VE exams 9 AM. 
Free admission. Free tables for dealers registering early Talk 
in on 146.07/ 67. Contact Phil Loveless KC4UC, 4949 Red Oak 
Drive, Gainesville, GA 30506 (404) 532 9160. 

ALABAMA: September 12 and 13. The Mobile ARC sponsored 
Hamfest, Texas Street Recreation Center, Mobile. Doors open 
9 AM. Admission $2.00 for both days. Dealers, swap tables, non 
ham activities, free parking. Also free overnight parking for 
SCRVs Hospitality room Saturday night Talk in on 146.22/82 
For table reservations write MARC, POB 7232, Mobile, AL 36607. 
Phone N4MFQ (205) 471-4717 or KB4JET (205) 865 4404. 

CONNECTICUT: September 27. The 5th annual Natchaug ARA 
giant flea market, Elks Home, 198 Pleasant Street, Willimantic. 
Starts 9 AM. Dealers 8 AM Admissin $2. Under 16 free. Ad¬ 
vance inside tables $5.00 At the door $7.00. Outside tailgating 
$5.00/up. ARRL/VEC exams for all classes. Talk in on 90/30 
and 52. For information Ed Sadeski, KA1HR, 49 Circle Drive, 
Mansfield Ctr (2031 456-/029 after 4 PM. 

IOWA: October 4. Southeast Iowa Hamfest, sponsored by the 
Muscatine and Iowa City Radio Clubs, West Liberty, Iowa Fair 
grounds. Gates open 7 AM. Tickets $3/advance and $4/gate. 
Saturday night all-you-can-eat weiner roast, hay rides, flea mar¬ 
ket and fox hunt Talk in on 146.31/ 91 146.25/.85 and 146 52. 
For information KA0Y. Ken, (319) 648 5037 or KE0Y, Tom, (319) 
264 3259. 

MISSOURI: September 27. The St. Peters ARC will hold its third 
annual Swapfest, Golden Triangel Park in St. Peters. 6 AM to 
2 PM. Admission $1.00 to buy or sell. Expanded flea market and 
parking areas. Food and beverages available. For more infor¬ 
mation contact Jason Zwyers, KA0INR, 1084 Crestwood Lane, 
O'Fallon, MO 63366. 

NEW YORK: September 20. LIMARC ARRL Long Island Ham- 
fair, New York Institute of technology, Rt 25A. Northern Blvd, 
Old Westbury, NY General admission $3.00. Sellers 7:30 AM. 
Buyers 9 AM. Outdoor tailgating, no reservations. Sellers car 
space $5. For more information Hank Wener, WB2ALW (516) 
484-4322 evenings 

GEORGIA: September 20. Auyusta Amateur Radio Club will 
hold its annual Hamfest, Julian Smith Casino, Lake Olmstead 
Park, Augusta. 9 Am to 3:30 PM. Tickets $2.00 at Hamfest. Talk 
inon 146.34/94. For more information N4JA (404) 790 7802 


MICHIGAN: October 25 The Southwest Michigan AR Team 
and the Kalamazoo ARC are sponsoring the 5th annual Kalama¬ 
zoo Hamfest New larger location.Kalamazoo Central High 

School, 2432 N. Drake Road. 8 AM to 4 PM. Walk in VE test 
ing. Admission $2/advance, $3/door. Tables $6. Send requests 
and check with SASE by September 28 lo Jim Hastings, Kalama¬ 
zoo Hamfest, 1813 Greenbriar Drive, Kalamazoo, Ml 49008. 

PENNSYLVANIA: October 10-11. The Pack Rats (Mt. Airy VHF 
ARC) invites all Amateurs and friends to the 11th annual Mid- 
Atlantic VHF Conference. Warrington Motor Lodge, Rt 611, 
Warrington, PA and our16th annual Hamarama October 11 at 

ihe Bucks County Drive-In Theater. Rt 611, Warrmytun, PA. 
Advance conference registration $5; $6 at the door (includes ad 
mission to the flea market). Send to Hamarama '87, POB 311, 
Southampton, PA 18966. Admission to the Flea Market $4. per 
person; $/ per carload. Selling spaces $6/each Bring tables. 
Gates often 6 AM rain or shine. For information Pat Cawthorne, 
WB3DM (215) 672 5289. 


NEW MEXICO: September 26-27. The Northern New Mexico 
ARC'S 4th annual Hamfest, Camp Storey, 8 miles east of San¬ 
ta Fe. 8 AM to 3 PM. Forums, tailgate flea market, dealers and 
Sat. AM VEC exams. Also non ham programs. For more infor 
malion SASE to bob Norton, N5EPA, Rt. 3, Box 95-15, Santa 
Fe, NM 87505 

NEW YORK: September 12. Saratoga County R.A.C.E S. As¬ 
sociation's 2nd annual Hamfest, Saratoga County Fairgrounds, 
Ballston Spa. 9 AM to 5 PM. Forums, packet demos, 2m fox¬ 
hunt, contests and more. Admission $3 includes outside selling 
space. Inside space $3/8 table. Talk in on 147.00 or 147.24. For 
more information N2FEP. Dave Atwell, Box D15, RD 5, Ball¬ 
ston Spa, NY 12020 

PENNSYLVANIA: September 12 The W3PIE Uniontown ARC 
will hold its 38th annual GABFFST, old Pittsburgh Rad, Union- 
town. Pre registration $3 each or 2/$5. Free parking, free swap 
and shop setup with registration. Talk in on 147.045/645 and 
144.57/145.17. For more info John T. Cermak, WB3DOD, POB 
433, Republic. PA 15475 (412) 246-2870 or 246-9383. 

WASHINGTON, DC. September 27 29 The annual convention 
of the Microwave Communications Association, Ramada Renais¬ 
sance Hotel. For information: Elena Selin, 2000 L Street NW, 
Suite 200, Washington, DC 20036 (3011 464 8408 

COLORADO: September 27. TheBoulder ARC will sponsor its 


annual BARCFEST Swap Meet, National Guard Armory, 4750 
North Broadway, Boulder. 8 AM to 3 PM. $3. donation. Tables 
$3. VE tests start 9:30 AM. Food and refreshments available. 
For VE test info only Barbara McClune, NOBWS, 5338 Spotted 
Horse Trail, Boulder, CO 80301 (303) 530 1872. For BARCFEST 
info Dale Scott, KA0GPV, 304 E. Cleveland St, Lafayette, CO 
80026 (303) 665 2364. 


NEW HAMPSHIRE: October 10 The Hosstiaders will hold their 
Fall Tailgate Swapfest, Deerfield Fairgrounds. Admission $2 per 
person. Sellers included. Wheelchair accessible. Friday night 
camping at nominal fee (after 4 PM only). Profits benefit 
Shriners’ Hospitals. Our May 1987 donation was over $8,000! 
For map or info SASE to Norm Blake, WA1IVB, RFD Box 57, 
West Baldwin, ME 04091. 

NEW YORK: September 26. Orange County ARC'S 2nd annu¬ 
al Hamfest and Computer Fair, John S. Burke Catholic High 
School, Fletcher Street, Goshen. Donation $2. Indoor tables $5 
each admits one. Outdoor spaces $3 each, admits one. Talk in 
on 146.76 repeater For information and reservations: Barbara 
Christopher, N2AWI, Box 447, RD 2. Wallkill, NY 12589. 

NEW YORK: September 26. The Elmira ARA will hold its 12th 
annual International Hamfest, Chemung County Fairgrounds. 
6 AM to 5 PM Outdoor flea market, indoor dealer displays, 
breakfast and lunch served on the premises. Tickets available 
at the gate or from Steve Zolkosky, 118 East 8th Street, Elmira 
Heights, NY 14903. 

NEW YORK: September 12. Ham-0 Rama 87, the Niagara Fron 
tier International Hamfest and Computer Show sponsored by 
the 5 Amateur Radio clubs on the Niagara Frontier. Niagara Falls 
Convention Center just north of Buffalo. Tickets $3.50 before 
August 21; $5.00 at the gate. Children under 12 admitted free. 
New equipment, video displays, non technical programs, flea 
market. Parking facilities for the handicapped. Many nearby at 
tractions. For information contact Bernie Norman, POB 352, 
Cheektowaga, NY. (716) 877-3780. 

ILLINOIS: September 20. “OPEN HOUSE World of Amateur 
Radio" will be conducted by the Chicago ARC, North Park Vil 
lage, 5801 N. Pulaski, Chicago. 11 AM to 5 PM For informa¬ 
tion call 545-3622. Novice class license seminar starts September 
28 at 7:30 PM for 10 weeks. 

TEXAS: September 19-20. The annual WARS Hamfest, Wichita 
Falls Activity Center, 10th and Indiana Streets. 8 AM to 4 PM 
Saturday and 8 AM to 2 PM Sunday. Commercial displays, com 
puter goodies, homebrew contest, large inside flea market. Ad 
vance registration $6 by September 16. At the door $7. Swap 
tables $5 each. VE exams 1 PM Saturday. Walkins accepted. 
Talk in on 74/14, 34/94, 449.30/4.30 Mail prregistration and 
table request with check to WARS Hamfest, POB 4363, Wichi¬ 
ta Falls, TX 76308. 

NEW YORK: October 4. The Yonkers Amateur Radio Club's 
Electronics Fair and Giant Flea Market, Yonkers Municipal Park¬ 
ing Garage, Nepperhan Avenue and New Main Street, Yonkers. 
9 AM to 4 PM. Giant Auction 2 PM Live demos all day. Free 
coffee all day. Admission $3. Children under 12 free. Seilers $7 
per parking space, admits one, bring own tables. For further 
information call (914) 969-1053. 

MASSACHUSETTS: October 10. The annual meeting and ban¬ 
quet of the New England DXCC Association will be held at the 
Masonic Lodge in historic Concord. Meeting 2 PM Banquet 6:30 
PM. The group is celebrating its 35th anniversary and will have 
a special program featuring recent DX-Peditions by some mem¬ 
bers to the Ivory Coast and Senegal. 

MASSACHUSETTS: MIT Tailgate electronics, computer and 
Amateur Radio Flea Market, Albany and Main Sis, Cambridge. 

9 AM to4 PM. Admission $1.50. Free off-street parking for 500 

buyers. Sellers $5 per space includes 1 admission Setup 7 AM 
Call (617) 253-3776. Mail advance reservations by September 

10 to MITUHFRA c/o 4 Madison Street, 8r}lmont. MA 02178. 
Talk in on 146.52 and 449.2/44 2 pi 2A W1XM/R 

MICHIGAN: September 19. Grand Rapids Amateur Radio As 
sociation will host its annual Swap €t Shop, NEW LOCATION 
West Cathkolic High school, 1801 Bristol NW. Grand Rapids. 
Doors open SAM. Tickets $3. Tables $4 each. No trunk sales 
this year. Talk in on 86/26 and 224.64. For table reservations 
or information call Don Hazelswart, KA8BCI (616) 363-0649 or 
write POB 1248, Grand Rapids, Ml 49501 


WISCONSIN: September 20. The Tri-county ARC, W9MQB, 
will hold its "Fall Fest", Blackhawk Technical Institute, Hwys 
51, between Beloit and Janesville. 7 AM to 3 PM. $2.00 per per 
son. Bring your own tables for flea market. Talk in on 145.45 
and 146.52. For more information: Carl Searing 111, KW9W, 249 
N. Tratt Street, Whitewater, Wl 53190. 

CALIFORNIA: September 19. The Sonoma County Radio 
Amateurs will hold their fifth annual Ham Radio Flea Market, 
Sebastopol Community Center, 390 Morris Street, Sebastopol. 
8 AM to 2 PM. Free admission and parking. Tables $7/door; 
$5/advance. Vendor setup 7 AM. VEC exams, radio clinic, ex¬ 
hibits, refreshments, auction. Talk in on 146,13/73. For tickets 
and information write SCRA. Rox 116. Santa Rosa, CA 95402. 

OPERATING EVENTS 

“Things to do . . 

September 11. The Quinnipiac Council B.S.A. will operate 


WlGB during the first annual Trader-O-Ree at Camp Sequas 
sen, Winsted, CT. For special QSL, send QSL and SASE to 
KA1EAJ, Skip Paquette, 121 West Dayton Hill. Wallingford, CT 
06492 


September 18-20: The Wright Patterson AFB MARS, 
AGA1WP and the Dayton Amateur Radio Association, W3BI 
will go on the air to commemorate the celebration of the Air 
Force's 40th anniversary. For further information write Paula 
DiGennaro KA8HGJ, 7136 Pineview Drive, Huber Heights, Ohio 
45424. 


September 19-20: The Wellesley Mass ARS will operate 
W1TKZ to celebrate the new Novice IOmeter privileges. 1300Z 
to 0100Z. All Amateurs are welcome especially Novices and 
Technicians. For a special QSL card send OSL and SASE to 
Wellesley ARS, 211 Washington St, Wellesley, MA 02181. 

September 19: The South Canadian Amateur Radio Society 
will celebrate its decicentennial by operating special event sta 
tion W50U from 1400Z-2400Z. For certificate send GSl and 9x12 
SASE with 39 cents postage to SCARS c/o KD5IT, 2735 Pop 
lar Lane, Norman, OK 73072. 


September 15-19. The Southern Counties ARA will operate 
K28R during the Miss America Pageant, Atlantic City, New Jer 
sey. GSL SASE via SCARA, Box 121, Linwood, NJ 08221. 

September 27-28. 1987 Fall Classic and Homebrew Radio Ex 
change. 2000 UTC Sunday to 0400 UTC Monday, Our object 
is to restore, operate and enjoy older and/or homebrew equip 
ment of any vintage. CW call "CQ CX”; phone “CQ Classic Ex 
change". 


September 5-6. The Porter County ARC will operate N9RD 
from 1300Z to 2300Z from the Heston Steam Museum for the 
annual Steam Show. For further info contact Jurgen, N9RD or 
Tom, KB8AC, POB 1782, Valparaiseo, IN 46383. 


September 26-27: The Council of Eastern Mass. Amateur Ra¬ 
dio Clubs (CEMARC) will operate special event stations during 
the Amateur Radio exhibit at the Museum of Science in Bos 
ton, MA. Each station will use the call sign KA1SM, 

HAM EXAMS: The MIT UFH Repeater Association and the MIT 
Radio Society offer monthly Ham Exams. All classes Novice to 
Extra. Wednesday September 23, 7 PM, MIT Room 1-150, 77 
Mass Ave, Cambridge, MA. Reservations requested 2 days in 
advance. Contact Ron Hoffmann at (617) 646 1641. Exam fee 
$4.25. Bring a copy of your current license (if any), two forms 
of picture ID, and a completed form 610 available from the FCC 
in Quincy, MA (617) 770-4023. 


MOVING? 

KEEP HAM RADIO COMING .. 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below. 

Then complete your new address (or any 
other corrections) in the space provided 
and we’ll take care of the rest. 

ham 

radio 

Magazine 
Greenville, NH 03048 

Thanks for helping us to serve you better. 


Allow 4-6 weeks for 
correction. 
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ELMER ’S NOTEBOOK 


Tom McMullen, W1SL 


I an introduction 
I to AMTOR 

I It's digital communications time 
| again, after a brief detour into discus- 
j sion of the 28- and 220-MHz bands. 1 

July's column covered the basics of 
. RTTY and ASCII, two foundations for 
! more advanced teleprinter communi- 
I cations techniques. This month well 
| continue with a look at AMTOR, 
j another aspect of modern digital com- 
I munications. 

In referring to teleprinters, by the 
way, I'm not limiting the discussion to 
mechanical devices that print on 
| paper; the term can also apply to elec¬ 
tronic systems that "print" their out- 
• put on a cathode-ray-tube screen 
(CRT}. 

QRIM here... 

j One of the problems that has 
j plagued teleprinter communications 
from the beginning is noise. Oh, sure, 

I noise bothers CW and voice operators 
| too, but that computer most of us 
| have between our ears has a marve- 
| lous ability to fill in missing portions of 
a word or phrase when a static crash 
I or some other noise blots out the sig- 
I nal for a brief period of time. The 
| machinery of teleprinting isn't so smart 
J — it can't infer what was "probably" 

I sent by examining the context of the 
message. In mechanical systems such 
I as RTTY, a mangled or missing bit of 
| data will result in either a wrong 
I character or no character being print¬ 


ed. In electronic systems using com¬ 
puters or "dumb" terminals,* improper 
data can still print a wrong character, 
but if the noise mangled an instruction, 
the system is likely to "lock up." 
Often, the only recovery is to shut the 
equipment off and then turn it on 
again, which loses any data already 
received. (And you thought first-con¬ 
tact jitters were bad! Be thankful 
you're not a computer.) 

As all good traffic handlers know, 
when the message must get through 
despite poor conditions, a solution to 
the noise problem is to repeat what's 
being sent. Accuracy is improved, but 
throughput (that's a buzzword refer¬ 
ring to amount of information trans¬ 
ferred per unit of time) is reduced. It's 
a tradeoff that's acceptable when ac¬ 
curacy is most important. 

AMTOR to the rescue 

AMTOR is a modern way of doing 
just that — repeating what is sent. The 
system was adapted from a commercial 
scheme devised to improve the reliabil¬ 
ity of communications with maritime 
units where garbled text could result in 
costly delays. The acronym AMTOR 


* A "dumb" terminal is one that can only receive, dis¬ 
play, and transmit text; a "smart" terminal contains a 
microprocessor and circuitry that allows it to also per¬ 
form complex computing and data-manipulating 
functions. 

Note that packet radio, through computerized error¬ 
checking, offers the advantage of noise-free, error free 
communication; we'll discuss packet radio in a future 
column. 


comes from AMateur Teleprinting Over 
Radio. 

AMTOR comes in two flavors, 
Mode A and Mode B. In addition to re¬ 
peating what's sent, both use a unique 
code characteristic to allow the receiv¬ 
ing station to reject bad data. Figure 
1 shows the letter "Y" in both Baudot 
and AMTOR codes. 

The AMTOR code was developed 
from the Baudot (or RTTY) code, and 
there's a direct correlation in most of 
the characters. The binary representa¬ 
tion of "Y" in Baudot is 10101; you'll 
note that the center five bits of the 
AMTOR "Y" are also 10101. 

Here's where AMTOR gets clever. 
There's always a ratio of four marks 
(ones) to three spaces (zeros). This is 
accomplished by adding ones or zeros 
to the original five-bit code. If the 
receiving station finds a character 
without that ratio, it rejects it as bad 
data. 

In Mode A AMTOR, one station is 
called a "master," and the other a 
"slave." The master station is the sta¬ 
tion that initiates the contact. After 
contact is established, the master is 
known as the "information-sending 
station," or fSS. The slave becomes 
the "information-receiving station," or 
IRS. These roles can be reversed dur¬ 
ing the contact by either station send¬ 
ing the proper control code to the 
other. Mode B doesn't use the 
master/slave concept, but instead 
repeats the characters being sent in a 
pattern designed to minimize errors. 


I 

| September 1987 



I 



















slaving away 

In Mode A, the ISS transmits data 
in groups of three characters, then 
waits for an acknowledgment. The 
IRS receives the data and checks it for 
the constant 4:3 ratio; if the data is 
good, the receiving station sends an 
acknowledgment signal in the form of 
a special control code. The ISS then 
sends another group of three. If the 
IRS gets bad data or misses some¬ 
thing, it sends a control character that 
asks for a repeat. Thus, the contact, 
or QSO, is a series of bursts of data 
going back and forth. 

The transmission rate is usually 100 
baud. The transmission of each char¬ 
acter requires 70 milliseconds to send, 
for a group time of 210 msec. The 
master waits 240 msec for a reply 
before sending the next group (or 
repeating the group just sent). This on- 
and-off operation means that your 


transmitter will operate with slightly 
less than 50-percent duty cycle, and 
shouldn't overheat at reasonable pow¬ 
er levels. It also means that your equip¬ 
ment should have fast "turn-around" 
times in switching from send to receive 
and back again. 

AMTOR equipment has an adjust¬ 
ment to compensate for equipment 
switching time. If your equipment is 
too slow, your receiver won't be ready 
in time to hear the acknowledgment 
from the IRS; if it's too fast, you'll send 
the next group before the IRS is ready 
to copy it. Another type of delay can 
result from the propagation time be¬ 
tween the ISS and the IRS: nearby 
contacts require less propagation time 
than those half a world away. AMTOR 
equipment can also be adjusted to 
tailor this time for optimum results. 
(Reliability has its price. There's no free 
lunch anywhere!) 


Obviously, this system is slow. The 
extra bits, the processing time, and the 
time spent waiting for an acknowledg¬ 
ment all add up. Even though these 
times are each only a few milliseconds 
long, the total lengthens the time re¬ 
quired to send information. At 100 
baud, however, the speed of data 
transfer is still faster than most people 
can type, so the extra bits and wait 
times aren't too objectionable. A good 
circuit will transfer data at the rate of 
approximately 50 wpm. This speed will 
decrease as conditions get worse, 
slowing to about 10 wpm as the sig¬ 
nal deteriorates, but the system will 
continue to try for correct copy (talk 
about dedicated operators!). 

There's a catch, though: what if you 
don't want to use the one-on-one sit¬ 
uation where one station is the master 
and the other is the slave? Perhaps you 
want to send a message to a network 
of stations or to one station with 
others to copy. The first station to ac¬ 
knowledge would be the IRS, and all 
others would be locked out. Then, too, 
there must be a mode that allows you 
to call CQ. 

Here's where Mode B comes in. In 
this system, each character is repeat¬ 
ed in a sequence that is calculated to 
get the information through most ac¬ 
curately. If you know the approximate 
length of the average noise burst (such 
as QRN from lightning), and you re¬ 
peat the characters at intervals slight¬ 
ly longer than that noise-burst length, 
you have a pretty good chance of get¬ 
ting your message across. That's just 
what Mode B does. 

For example, if I send "antenna here 
is 3-element beam," but noise wipes 
out some of it, you might receive "a — 
en-a h —e is—ele — nt bea-." Your be- 
tween-the-ears computer can probably 
deduce what I meant. But if our QSO 
is being carried out on teleprinter 
devices, each machine will print what 
it receives; this can lead to some pretty 
garbled text because noise bursts can 
be interpreted as almost anything, 
even unprintable characters. (No, I'm 
not talking about a prudish machine 
that censors the text, but about those 
control characters that don't print a let- 
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ter or number, but rather ring a bell, a terminal, or a personal computer; 

advance the paper, or shift to upper add an AMTOR encoder/decoder box, 

case, for example.) connect it to your transceiver, and 

Now suppose I repeat the message watch the lights blink, 
so you can fill in the missing pieces. Well, maybe it's not quite that easy. 
On the first transmission you receive but it's not too hard, either, you'll still 

"a—en-a h~~e is —ele — nt bea~." The have to learn how to tune in a station, 

second time, you receive "-nte-na -ere and what the operating procedures 

-s 3 —emen—am." You can fill in the are, but a little careful listening (make 

missing pieces and recover the whole that "monitoring") will take care of the 

message easily enough, but now the latter. For practice jn tuning in a sta- 

beauty of it all is that your receiving tion (and learning what one sounds 

machinery can do the same, and a like) tune in W1AW, the Maxim 

whole lot faster. Instead of repeating Memorial Station at ARRL headquart- 

the whole sentence, suppose that I ers in Newington, Connecticut. The 

kno\V that the average noise burst is station transmits bulletins on AMTOR 

likely to be approximately two to three Mode B on 14,095 kHz at scheduled 

characters long. If I repeat the text in times. Novices: remember, you can re¬ 
groups of four, the chances of the ceive (listen) in Mode B on hf bands 

message getting through are much other than 10 meters, but you can 

greater, and the amount of time spent transmit (reply) in either mode only be- 

repeatlng is kept to a minimum. Again, tween 28.1 and 28.3 MHz . 

transmission is at 100 baud, so each Other "listening" spots are 14,075 
character takes 70 msec, for a total of and 3637.5 kHz. Many stations start 

280 msec for the first transmission; there and then move a few kHz up or 

repeat the first four characters, then down to continue QSOs. If you hear 

send the next four and repeat them. a "chirp-chirp" type of operation, it's 

The sending sequence for the message probably two stations using Mode A. 

above might be: If a signal sounds very much the same 

Ante|ante|nna |nna |here|here| is | as a continuous RTTY signal, it could 

is |thre|thre|e el|e el|emen|emen|t be either RTTY or Mode B. If you tune 

bea|t be|am. |am, | it in and the lights on your AMTOR 

I've inserted the vertical bar (|) to box come on, you're doing something 

mark off the groups of four characters; right. Try some schedules on 10 

it isn't sent as part of the message. meters and have a ball. 

Note that spaces between words count There's more interest in AMTOR in 
as "characters" too; in AMTOR code, Europe than in the United States, so 

each space is indicated as 0011101 (bit here's a chance to grab some very in- 

0 first). - teresting DX on a relatively new and 

In Mode B, the transmitter is on fascinating mode of communication, 
continuously, so it might overheat un¬ 
less it's designed to handle continuous reference 

duty cycle. If this is the case, reduce i. Tom McMullen, W 1 SL, ''Elmer's 

the power level to something that the Notebook: An Introduction to Digital 

transmitter can handle. (Like AMTOR Communications," ham radio, July, 

operation, RTTY also requires that 1937 , pa g e 92. 

most transmitters be operated at re- ham radio 

duced power to prevent overheating. _ 

Check your equipment instruction 

manual for duty-cycle information.) Join Other Amateurs - help 
if all this seems complicated and the physically handicapped 
confusing, don't worry - it probably be Licensed Amateurs 

is. The good news is that you don't courageHANDI-HAM System 

have to think too much about it; to- Courage Center 

day's equipment has a lot of "smarts" n i 3915 Golden Valley Road 

built in. All you need is a teleprinter, Golden Valley, Minnesota55422 
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REFLECTIONS 



the possessed 

During the anything-goes sixties, while attending City College, I shared an apartment with two roommates on the 
upper west side of Manhattan. This editorial is dedicated to one of them. Without naming names (let's just call him 
"Mr. A"), this roommate was the antithesis of what most of us Radio Amateurs have become. 

We're like magnets. Anything we see that might be remotely useful, even in the far-distant future, will come to 
us to be saved for that eventuality. Now, I'm not talking about just nuts and bolts. I'm talking real quantity and diversity. 

Look around your shack, which in some cases might be considered the entire house. If you're like me, you've prob¬ 
ably spread out all over. 

What was that sound? The one just before that awful grinding noise and the smell of burning motor? Was it that 
1-percent precision , 141. 7~ohm resistor you've been looking for since Labor Day — the part you needed to finish your 
super-deluxe noise bridge — being sucked up into the vacuum cleaner? Well, it's history now. The vacuum cleaner 
has claimed another victim. 

"Just a darn minutef" you exclaim. "That resistor was carefully placed on the dining room table!" 

Come on. Follow me. Starting from the shack, let's take a quick walk - in our mind's eye - around the house. 
It's probably impossible, even dangerous, to walk around any other way because of the overcrowding or perhaps be¬ 
cause of those three 6-foot racks of tube equipment you've built over the years. All those dangling jumper cables 
(control, audio, digital, and rf) seem to want to reach out and trip people. Come on, don't let me hear that argument 
you give your spouse about how keeping all that equipment going helps keep the house warm, thereby cutting the 
the fuel bill, and hasn't she noticed how nice and dry it is down in the basement when all those pretty tubes are lit? 
I've heard all those justifications before. In fact, I've used some of them myself. 

As painful as it may be, let's leave the shack and move on. No point stopping at the kitchen or dining room tables; 
we all know what we'll find there. 

If you're at all like me, you have many different interests and probably subscribe to a number of magazines that 
address those interests. Are the magazines all neatly stacked on a bookshelf in the radio room - just as pictured in 
any of the operating manuals that show what the typical ham station looks like? Naah. Who are you kidding? Those 
magazines are strewn all over the place — scattered atop the TV and on side tables and even chairs, heaped in piles 
in corners, in the attic, in the hallway, the bathroom, the garage, and, of course, on the floor. Did you ever consider 
the possibility that your spouse might consider this an encroachment on her living space? 

Speaking of the garage, that's a story in itself. It's amazing to consider how seven sections of Rohn 45 can fit in 
there so nicely. But the XYL's car? Well, that's a different matter. Maybe winter won't be so bad after all. 

I won't even mention those drums of surplus wire, cable, or whatnot that you picked up at that flea market in 1979. 
What a deal! Heck, you're going to help her shovel the snow off the car this winter anyway, right? 

Moving outside, did you know that the great outdoors offers almost unlimited storage capability? Of course you 
do. Why, there's the evidence: more rusting tower sections, some sturdy anchors, a hundred feet of guy line, and 
a 6-foot dish! Too good to sell, give away, or discard, they're also too big for the garage. But they're not too big 
for the great outdoors! 

"AH right!/' you protest. "Maybe there's some truth to what you've been saying. But what's the point?" 

This is it: perhaps October's the time to take another look at what we possess, or more appropriately, what possess¬ 
es us. Maybe this is the time to go through the entire house, gather all our treasures together, and decide what's 
really important, what we really want to keep. Let's sell the rest, or better yet, donate it to a worthy cause like that 
Novice down the block. After all, we've gotta start 'em right on this acquisition madness, don't we? 

I hope you appreciate the gravity of the chance I'm taking by writing this editorial. If my XYL ever reads this, I 
might have to practice what I preach. As a friend of mine is wont to say: "End of message." 

And what about the legendary Mr. A, to whom this editorial is dedicated? Well, Mr. A owned exactly two shirts 
and two pairs of shoes, pants, and socks — and barely anything else. When the time came to move, I had to rent 
a trailer to cart my possessions. Mr. A put everything he owned into his attache case and walked away. 

Rich Rosen, K2RR 
Editor-In-Chief 
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ground plane antennas 

Dear HR: 

I was rather taken aback at a recent 
ham club meeting when a couple of 
friends informed me that according to 
a letter to the editor in ham radio, 
my "offset drooper" ("The Offset 
Drooper: An Improved Ground Plane/' 
January, 1986, page 43), had been in¬ 
vented years ago by a Frenchman. 

DJOTR/OE8AK's letter in the June, 
1987 issue, in which he discusses the 
origins of the venerable ground plane 
antenna, states, immediately following 
his reference to my article, "This 
VHF/UHF antenna was invented sev¬ 
eral years before in France . , . 

A careful reading of the letter, how¬ 
ever, makes it quite clear from the con¬ 
text that the statement "This VHF/ 
UHF antenna was invented several 
years before . . applies to the earlier 
mentioned classic ground plane credit¬ 
ed to Dr. George Brown. But appar¬ 
ently, if one hurriedly skims the letter, 
the remark can be mistakenly applied 
to the "offset drooper" version of the 
ground plane antenna. 

While on the subject of originality, 
I'm surprised that the matter of French 
prior art pertaining to ground plane 
type antennas has taken 50 years to 
surface. I do know that I certainly am 
not in a position to pass judgement as 
to worldwide prior art. My information 
was taken from the article, "The 
Ground Plane Antenna: Its History and 
Development," by Harold Vance, Sr., 
W2FF (now deceased), which ap¬ 
peared in the January, 1977 issue of 
ham radio . 

George Brown and Harold Vance 
were both highly respected VIPs at 
RCA during World War II. As section 
head and project officer on some new 
USMC electronic equipment under de¬ 
velopment, I used to visit Harold 


¥ 


Vance and his crew of key engineers 
at the RCA Camden plant frequently. 
He was a fine gentleman, with excep¬ 
tional electronics savvy and manage¬ 
ment know-how. I regret I didn't get 
a chance to meet George Brown, who, 

I believe, was at RCA Labs (elsewhere) 
at the time. 

In hindsight, my offset drooper ar¬ 
ticle could have been more accurately 
titled "An Improved Drooping Ground 
Plane." For over three decades, droop¬ 
ing radials have been widely used by 
the ham fraternity to permit direct con¬ 
nection of 50-ohm coax. However, this 
aggravates antenna effect. The Offset 
Drooper configuration provides a sub¬ 
stantial reduction in antenna effect 
without adding a detuning sleeve or an 
extra set of radials, while still maintain¬ 
ing a 50-ohm match. 

Woody Smith, W6BCX 
Anaheim, California 92804 

is nothing sacred? 

Dear HR: 

With this rather untimely heading 
["Is Nothing Sacred?" — Ed.), The 
New York Times recently reported 
slight changes in more than 100 of 
the fundamental constants used in 
science. These changes represent a 
consensus of scientific opinion by the 
world's leading measurements labora¬ 
tories, including those in the Soviet 
bloc and our National Bureau of Stan¬ 
dards as well. 

It is gratifying to learn that the speed 
of light hasn't changed, and remains 
at 299,792,458 meters per second. I 
shall leave it to some computer whiz 
to translate that into feet and inches; 
my hand calculator is inadequate. 

However, whereas this number was 
previously termed "approximate," it is 
now defined as "exact," and the sec¬ 
ond is considered constant. The meter 
is then defined in terms of the vel- 
city of light and the second — a nice 
Catch-22! Greater accuracy will be 
achieved with future improvements in 
measurement. 

The meter, as originally proposed by 
a French vicar in 1670, was defined as 
1 ten-millionth of the distance between 
the equator and the North Pole. It 


was subsequently translated into two 
scratches on a platinum bar kept at 23 
degreees C. (Now that we deal in 
subatomic distances, this is gross 
measurement indeed.) Thus the scien¬ 
tists have defined the meter as the 
distance that light will travel in 
1/299,792,458 second! 

Obviously, you won't have to throw 
away your tape measure when you put 
up that new beam! 

Josef Darmento, W4SXK 
Merritt Island, Florida 32952 

bird chaser 

Dear HR: 

Noticed the letter from Bernard 
Kirschner in the May issue ("Com¬ 
ments," page 6). 

He's having troubles using an owl as 
a bird chaser, is he? Perhaps he should 
use one of those inflatable snakes from 
the local garden shop instead. Tie one 
end of it about halfway out along the 
boom and the other end on the pole 
so it looks like it's just climbing onto 
the boom. Those things would scare 
me off — as well as all manner of 
feathered creatures. 

Charles Chrestlen 
Sunnyvale, California 94086 

neighborly gesture 

Dear HR: 

There's a very useful technique for 
dealing with neighbors who complain 
of TVI. Instead of making critical com¬ 
ments about their television receivers, 
try lending them a table model color 
receiver fitted with the proper filters. 
Then ask them to help you perform a 
simple test. 

Three or four days later they'll ask 
you to tell them how they can fix their 
receivers. Amazingly, even the most 
formerly rabid neighbor will approach 
you in a very friendly and reasonable 
frame of mind. 

As proof of the effectiveness of this 
method, how many Amateurs do you 
know who have ground radial systems 
covering not only their yards, but a 
side neighbor's yard and the yard of 
the neighbor in the back as well? 

John Labaj, W2YW 
Elsmere, New York 12054 
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low-cost pc board layout software 


The price has dropped 
— but watch out 
for those options! 

The price of sophisticated printed circuit board 
layout packages has plummeted. For less than $1000 
— often much less — you can buy an easy-to-use 
package that can handle almost any board layout. 
Even if you've never used computer-aided design 
(CAD), you can master any of these packages quickly. 

Until recently, pc board designers had to choose be¬ 
tween sending their designs to pc board service bu¬ 
reaus or using expensive layout packages that ran on 
dedicated work stations. CAD packages priced at less 
than $1000 were drafting tools at best. But all that's 
changed; today's relatively low-cost pc board layout 
software packages provide almost the same features 
as work station-based systems. What's more, they run 
on personal computers, which means they're now 
within reach of clubs and individual Amateurs. 

All packages aren't equally suited for all applications, 
however. For analog designs, a package should pro¬ 
vide an area-fill capability, which you'll need for con¬ 
structing irregularly shaped ground planes. Some 
packages are tailored for digital designs and conse¬ 
quently don't provide a way to create copper planes 
of arbitrary shape. 

Most of the low-cost packages, however, offer tools 
for filling in copper areas. For example, area fill is a 
standard feature of Accel Technologies' Tango-PCB ® 
program for IBM PCs and compatible personal com¬ 
puters. Together with the package's 1-mil grid, the 
area-fill command enables you to create copper areas 
and thick tracks for microstrips and ground planes. Its 
$495 price includes software, documentation, a func- 


I tion key overlay, a sample pc board, and a 30-day 
money-back guarantee. 

Procad xtra®, from interactive CAD Systems, fea¬ 
tures filled areas for ground planes and lets you se¬ 
lect up to seven fill patterns and styles of lines. 
Complex symbols such as standard power-supply lay¬ 
outs or memory bus structures can be stored in the 
program's library for repeated use. Procad xtra costs 
$695; it runs on IBM PCs and on Digital Equipment 
Corporation's VAX minicomputers. 

Similar features are found in QTech's Qwik Tek?' 
package. That's not too surprising — they were de¬ 
veloped by the same programmers. Like Procad xtra, 
Qwik Tek runs on IBM PCs and on DEC VAXs; the 
base price of Qwik Tek is $695. 

automatic layout software 

Qwik Tek and Procad xtra aren't alike in all respects. 
Procad xtra is a purely interactive system, which is all 
you'll need for most analog applications. But for de¬ 
signs with large numbers of components, you'd need 
a program that could position them on a layout and 
draw interconnections among them. A $7900 version 
of Qwik Tek includes these capabilities, offering a 
schematic editor, interactive layout, automatic place¬ 
ment, and an autorouter. 

An autorouter interconnects the components on a 
layout automatically. The sophistication of the auto¬ 
routers in low-cost pc board layout packages ap¬ 
proaches that of autorouters in the most advanced 
work stations and mainframe-based layout systems. 
Yet the price of an IBM PC-based autorouter can be 
relatively low. For $750, CAD Software's Pads-Route® 
autorouter provides three routers: power-and-ground, 
memory, and maze. The power-and-ground and mem¬ 
ory routers specialize in power supply and RAM in¬ 
terconnections; the maze router interconnects all other 
digital and analog components. 

By Eva Freeman, 108 Trapelo Road, Lincoln, 
Massachusetts 01773 
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Table 1. Low-cost pc board layout packages. 


Company 

Product 

Base 

price 

Required 

hardware 

Operating 

system 

Auto 

router 

Auto- 

router 

price 

Auto 

placement 

Compatible 
net lists 

Max. 

no. of 
colors 

Max. 

no. of 

traces 

Max. 

no. of 

components 

Max 

no. of 
layers 

Abacus Software 

Box 7 219 

Grand Rapids, Ml 49510 
(616! 241-5510 

PC Board 
Designer 

$195 

Atari 

520ST or 
1040ST 

Gem 

X 




2 

1100 lines 

250 

2 

Accel Technologies Inc. 

7358 Trade St. 

San Diego, CA 92121 
(619) 695-2000 

Tango-PCB 

$495 

IBM PC or 
compatible 

MS-DOS 

X 



Accel; 

Omation; 

Oread 

16 

26,000 lines 

1000 

9 

Advanced Microcomputer Sys. 
2780 SW 14th St. 

Pompano Beach, FL 33069 
(305) 975-9515 

PC PRO 

$250 

IBM PC or 
compatible 

MS DOS 

X 

$250 


AMS 

FutureNet 
Racal Redac 

16 



256 

B & C Microsystems 

355 West Olive 

Sunnyvale, CA 94086 
(408) 730-5511 

PCB/OE 

$395 

IBM PC or 
compatible 

MS DOS 
and 

AutoCAD 




B & C 

Microsystems 

16 




CAD Software Inc. 

Box 1142 

Littleton, MA 01460 
(617) 486-9521 

Pads-PCB 

$975 

IBM PC or 
compatible 

MS DOS 

X 

$750 

X 

FutureNet 

16 

4511 nets 

764 

30 

Dasoft Design Systems 

1827B Fifth St. 

Berkeley. CA 94710 
(415) 486-0822 

Project. PCB 

$950 

IBM PC or 
compatible 

MS DOS 

X 



Dasoft 

6 



4 

Design Computation Inc. 

10 Frederick Ave. 

Neptune, NJ 07753 
(201) 922-4111 

Draftsman-EE 

$749 

IBM PC or 
compatible 

MS-DOS 

X 

$2450 

X 


16 

4000 nets 

300 

20 

Douglas Electronics 

718 Manna Blvd. 

San Leandro, CA 94577 
(415) 483-8770 

Douglas 

CAD/CAM 

$95 

Apple 

Macintosh 

Macintosh 





2 




Interactive CAD Systems 

2352 Rambo Court 

Santa Clara, CA 95050 
(408) 970-0852 

Procad 

Xtra 

$695 

IBM PC or 
compatible 

MS DOS 




ICS 

16 

2000 nets 

- 

50 

QTech Inc. 

256 E. Hamilton Ave. 

Campbell, CA 95008 
(408) 370-3910 

Qwik Tek 

$695 

IBM PC or 
compatible 

MS DOS 

X 

$7205 

X 

QTech 

16 

1500 nets 


50 

Softcircuits Inc. 

401 SW 75th Terrace 

North Lauderdale, FL 33068 
(305) 721 2707 

PCLO 

$500 

Commodore 
Amiga 1000 

Amigados 

X 
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Vamp Inc 

6753 Selma Ave. 

Los Angeles, CA 90028 
(213) 466 5533 

McCAD 

$395 

Apple 

Macintosh 

Macintosh 

X 

$995 

X 

Vamp 

2 

32,000 lines 

32,000 

6 

Visionics Corp. 

1284 Geneva Dr. 

Sunnyvale, CA 94089 
(408 ) 745-1551 

EE Designer 

$975 

IBM PC or 
compatible 

MS DOS 

X 

$975 

X 


16 


999 

26 

Wintek Corp. 

1801 South St. 

Lafayette, IN 47904 
(317 ) 742-8428 

Smartwork 

$895 

IBM PC or 
compatible 

MS DOS 

X 



Wintek 

3 



6 


It's not reasonable to expect too much of pc board 
autorouters priced at under $1000. They can't match 
the speed of mainframe or work station-based auto¬ 
routers, nor can they consistently route all boards to 
completion, as can some mainframe or work station- 
based autorouters. 

Though these packages are certainly more than ade¬ 
quate for typical Amateur projects, you shouldn't ex¬ 
pect, for example, to use a PC-based package to 
design an eight-layer, 500-IC board. Although several 
of the PC-based layout programs listed in table 1 do 


permit eight layers and 500 components, their auto¬ 
routers just can't route boards of such complexity. If 
you do find your designs limited, they'll be limited not 
by the maximum number of components or layers, but 
instead by the maximum number of traces your soft¬ 
ware package will allow. 

Table 1 lists the maximum number of traces each 
package can handle. Note that vendors differ in the 
way they specify this capability. Some specify a max¬ 
imum number of nets; others, a maximum number of 
lines. A net links all pins that are to be connected to- 
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fig* 1. PC Pro, a $250 pc-board layout program from Advanced 
Microcomputer Systems, accepts schematic designs from 
either the package's own schematic editor or from Future- 
Net's IBM PC-based schematic-capture program. 

getber; a line simply connects two points. A line 
doesn't even necessarily connect two components; if 
a connection includes a 90-degree bend, some ven¬ 
dors consider the connection to be two lines. A typi¬ 
cal design contains roughly five lines per net. Thus, 
it's safe to assume that a package that specifies a 
2000-net maximum is equivalent to one that specs a 
10,000-line maximum. 

Caution: the specifications provided in table 1 can 
be misleading. Although a package might permit 1000 
nets, 300 components, and 50 layers, it's best to stay 
away from the specified limits, because as a design 
approaches the limits of a package, the software starts 
to run more slowly and the autorouter generally fails 
to complete all the interconnections. 

Any limitations of the low-cost packages are large¬ 
ly attributable to the limitations of the computers on 
which they run. The MS-DOS operating system used 
by the IBM PC, for example, can address only 640K 
of memory. Thus low-cost packages that run on IBM 
PCs and compatible personal computers can't handle 
databases of greater size. 

Those working in especially demanding applications 
can add an extended-memory board to overcome this 
limitation. Although most PC-based layout packages 
can't yet take advantage of extended memory, CAD 
Software's programs can: their $250 Pads-Large-SW 
option increases the maximum number of components 
from 539 to 764, and increases the number of connec¬ 
tions from 2711 to 4511. This package is the first to 
use extended memory, but you'll soon be seeing oth¬ 
er layout programs that use it. 

It's possible to accelerate IBM PC-based layout 
packages by running them on 80286 or 80386-hased 
personal computers. Most vendors of PC-based lay¬ 


out packages have written their software to run on 
most compatible PCs (see table 1 for details). 

Whether routed manually or automatically, a layout 
can be only as good as component placement permits. 
If you don't optimize the placement of components 
on your board, your board will have more "vias" 
(plated-through holes) and longer interconnections 
than should be necessary. In many cases, the auto¬ 
router will simply fail to route the board completely. 
In all cases, pc board fabrication costs will be higher 
and system speed will be lower than they might be. 

Even if you don’t use an autorouter, you'll find that 
pc board layout packages can assist you in intercon¬ 
necting components. Most of the packages include 
a rat's-nest utility that displays straight-line connec¬ 
tions between components. With it, you can shift 
components on your layout to minimize the length of 
interconnections. 

the bottom line: price, practicality 

For Amateurs, the most important feature of a pc 
board layout system is likely to be its price. The least 
expensive package available for the IBM PC is Ad¬ 
vanced Microcomputer Systems' $250 PC PRO” (fig. 
1). This program gives users extensive control over de¬ 
signs; for example, it offers trace widths from 0.001 
to 0.255 inches, and a single net can include a combi¬ 
nation of trace widths. Similarly flexible, the symbol 
library includes footprints for standard ICs, connec¬ 
tors, and discrete components — and offers tools for 
creating new pad shapes. 

Some of the less expensive packages were designed 
for computers other than the IBM PC. Table 1 lists 
four such programs. The $195 PC Board Designet” 
from Abacus Software (fig. 2) provides pc board lay¬ 
out tools for Atari users. The package offers compo¬ 
nent rotation in 90-degree increments and a choice of 
45- or 90-degree routing paths; output is configured 
for Epson dot-matrix printers. 

Softcircuits' $500 PCLO* package for the Commo¬ 
dore Amiga provides pan capabilities and fast screen 
redraws to keep the overall layout coherent while 
you're working. Ten work-area memories provide in¬ 
stant movement among disjoint areas. 

Apple Macintosh users can choose between two 
programs: Vamp's McCAD*' and Douglas Electronics' 
Douglas CAD/CAM 7* The graphics-manipulation 
capabilities of the Macintosh are particularly attractive 
for analog applications; the line-and-pad-array gener¬ 
ators in McCAD, for example, cut down on the time 
you need to create ground planes. 

You can buy a Douglas CAD/CAM for as little as 
$95, but it won't provide automatic layout features or 
schematic capture. The basic package doesn't include 
interfaces to pen plotters or photoplotters; you have 
to send your layout to Douglas and have them fabri- 
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cate your pc board* — or make it yourself from the 
image you see on the screen* You can buy a pen¬ 
plotting option or a combined pen-plotting and photo¬ 
plotting option, but they'll cost you $300 and $500, 
respectively. 

Although the least expensive package runs on the 
Macintosh, most low-cost layout programs were de¬ 
signed to run on the IBM PC. One vendor, B&C Micro¬ 
systems, has held down the cost of its IBM PC-based 
PCB/DE program by linking the software to Auto¬ 
desk's AutoCAD 9> drafting package. Strictly speaking, 
the total package costs more than $1000 because you 
must purchase AutoCAD; but if you already own Au¬ 
toCAD, you'll find that the $395 program provides 
more features than comparable packages that include 
drafting software. 

Most PC-based packages don't require AutoCAD 
or any other additional drafting software; it's includ¬ 
ed with the pc board software. Wintek's $895 Smart- 
work- program, for example, includes all the graphics 
tools you need for pc board layouts. Though the pro¬ 
gram doesn't have an autorouter, it does offer an in¬ 
teractive router that finds the best possible connection 
between each successive pair of interconnections. Be¬ 
sides its layout package, the company offers an $895 
schematic-capture program and is introducing an auto- 
malic router. 

Visionics has recently added a $975 automatic router 
to its $975 EE,Designed pc board layout package {fig. 
3). The autorouter can route not only two-layer boards 
but surface-mount devices and multilayer boards as 
well. 

9 

what options do you need? 

Each one of these low-cost pc board layout pack¬ 
ages comes with a "catch." The least expensive prod¬ 
uct that most vendors sell is the basic program; the 
optional programs and hardware dramatically increase 
the total cost. Like automobile manufacturers, ven¬ 
dors of low-cost pc board layout software often de¬ 
rive their profits not from the basic package, but from 
the options that accompany it. 

Unfortunately, these "optional" programs aren't al¬ 
ways optional. For example. Design Computation's 
basic Draftsman-EE* provides only a graphics editor, 
a component library, and bill of materials and parts 
list utilities. To generate a rat's nest display and to 
check for design rule violations, you'll have to pur¬ 
chase the optional DC/Check" program. An auto¬ 
router is yet another option. Often, these options are 
necessary. 

Draftsman-EE is priced at $749, DC/Check costs 
$398, and the autorouter lists for $2450, For about 
$4000 you can purchase all of these tools, as well as 

* Estimated price for 3 1 r 2 * 4 1 >2 inch board, 250 holes, no gold' $193 lor 
setup, $7.80 per iroard in small quantities. Price decreases for larger quantities. 
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W2AU 1:1 & 4:1 W20U-HF ^ W2DU-VHF 

$17.95 $19.95 $19.95 

W2AU Broadband Ferrite Core Baiuns 

Far medium power (1000 walls RFmin.) and broadband operation 8-40 MHz, 
W2DU Non-Ferrfte Very High Power Baiuns 

W2DU-HF (High Power) JJNMHLUk k ^ 

* 1.8-30 MHz .MftlVSP* 

* 3000-9000 walls wilh 1:1 anlenna SWR 
'1500-5000 watts with 2:1 antenna SWR 
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W2AU 1:1 
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•Fordipoles, Vs. beams, quads Purchase from any of over 

W2AU 4 1 300 dealers nationwide 

‘200 to 50 or 300 to 75 ohms or order direct 

‘For high impedance antennas such as folded 
dipoles 

To request informational brochure, call 

617 - 475-7831 
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PO Box 215 BV, Andover, MA 01810-0814 

Switch All Your Antennas 
Over One Coaxial Feedline 
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DC Operated 
2 Position Relay 
(inside your 
shack) 


(injects DC vmuvyvu, 

onto coax) shack) 

This system operates from 1.6 to 180 MHz and handles 1250 RF watts. 
Use our antenna switching kit and eliminate excess coax runs. 
With this kit and a single run of coax, you can switch between 
your antennas remotely. Use to add an antenna at modest cost, 
or change array direction. 

Other types and combinations of relays are available. 
Please call or write us for more information, and save on your 
coax runs! 

30 day MONEY BACK GUARANTEE on all products 
Unadilla/Reyco/Inline is now a Division of ANTENNA’S ETC. 
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fig. 2. This rat s nest display shows direct connections among 
all components. Using the rat's nest display in Abacus Soft¬ 
ware's PCBo&rd Designer, you can interactively complete any 
one- or two-sided pc board. 
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fig. 3. Even inexpensive packages can handle mixed analog 
and digital designs, EE Designer, from Visionics. routed an 
^component analog/digital board with 269 interconnections 
to 100 percent completion in six minutes. 

12 months of telephone assistance; while it's a mod- 
est price for a complete professional pc board layout 
system, it's still more than five times the cost of the 
basic program alone — and far more than most Ama¬ 
teurs would probably be willing to spend. 

Even though these options, especially for packages 
that list for less than $1000, greatly increase the cost 
of pc board software, the total cost - in professional 
applications - is still far less than the cost of using 
pc board service bureaus or work station-based lay¬ 
out systems. In considering the purchase of pc board 
layout software for Amateur applications, then, it's 
probably best to keep in mind the advice of the United 
States Postal Service: "If an offer sounds too good 
to be true, it probably is." 

reference 

1 tvii f ri;(rtrnin, "Low cosl pc hoard lay 0 * 11 scrirwaiL','* EON. M;i«:h 18 1987, 
page 138. 
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antenna relay sequencing 


Use one basic 
protection circuit 
for normal switching 
or full break-in 

Antenna relays are very expensive, and while bar¬ 
gains can sometimes be found on the surplus market 
and at swap meets, it takes time to find them. 

Running 1500 watts into 50-ohm coax means that 
more than 5 amperes of rf current flows at almost 300 
volts. Coax relays, with their contacts and spacing 
kept relatively small to preserve the impedance match, 
are definitely not designed to hot-switch this kind of 
rf power. If you try using them for this, you'll burn 
out the contacts; in fact, Murphy's Law ensures that 
transmit contacts will burn out completely just as you 
hear the rare DX country or VHF grid square you've 
been looking for. 

Another form of antenna relay failure that's as com¬ 
mon as burning out the contacts is arcing from the 
transmitter connector to the relay shell. This is caused 
by abnormally high rf voltage output from a high- 
power amplifier under open-circuit conditions. 

A power amplifier also needs protection from any 
open-circuit condition, even for just a fraction of a mil¬ 
lisecond. If a tube-type amplifier sees an open load 
at any time, either at the beginning or the end of a 
transmission, plate circuit arcing and damage to the 
components may occur. In solid-state amplifiers, an 
open load can destroy the transistors instantly. 

The need for sequencing a mast-mounted VHF pre¬ 
amplifier is well known. GaAsFETs certainly aren't 
designed to handle several hundred watts, even for 
the few milliseconds it takes for a relay to switch. 

This article discusses the most common case of a 
power amplifier and an ordinary coaxial antenna re¬ 
lay. The same basic circuit is used for full break-in with 


I vacuum relays; in such a situation, the delay periods 
will simply be shorter. The same circuit can also be 
used to sequence mast-mounted VHF preamplifiers, 
together with an interface circuit to delay the exciter. 

design criteria 

To protect the relay and amplifier when the push- 
to-talk {PTT) line is closed, the amplifier turn-on should 
be delayed long enough for the relay contacts to close 
— and, most important, to have settled down after 
bouncing. To protect the relay and amplifier when the 
PTT line is opened, the relay contacts should be held 
in long enough for the amplifier output to have 
dropped to zero. 

Each unit should, as much as possible, "take care 
of itself." This means, for example, that the relay 
should not depend upon a certain capacitor in the ex¬ 
citer or amplifier for a delay. Because you might want 
to use a different exciter or amplifier later on, the se¬ 
quencing circuit should be treated as an integral part 
of the antenna switching mechanism. 

circuit specifications 

The timing functions of amplifier hold-off at the be¬ 
ginning of a transmission and relay hold-in at the end 
of a transmission are separated, greatly simplifying the 
selection of timing capacitors. 

The control line for the circuit conforms to the fol¬ 
lowing standards, which I've adopted for all the equip¬ 
ment in my shack: the open-circuit voltage on the 
control line is negative, and does not exceed - 1 volt; 
the closed-circuit current on the control line does not 
exceed 1 mA; and the control line is diode-isolated. 
The first two standards ensure that the control line 
may be easily controlled by other such circuits, using 
inexpensive, easily obtainable, low-voltage PNP tran¬ 
sistors, without the need for complicated interface cir¬ 
cuits or relays. The result is that everything in the 
shack (except the antenna and other rf circuits) is con¬ 
trolled by solid-state switching. The final standard al- 

By Mark Mandelkern, KN5S, 5259 Singer 
Road, Las Cruces, New Mexico 88005 
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lows the control lines of any number of such relay 
circuits, power amplifiers, drivers, transverters, pre¬ 
amplifiers, or other items to be tied in parallel, with 
no interaction. If the exciter's PTT line conforms to 
these standards, or is fitted with an appropriate inter¬ 
face circuit so that it does conform, it may be tied in 
parallel with the control lines of any number of other 
pieces of equipment, along with the PTT switch on 
the mike stand and the foot switch. A master band 
switch on the operating bench allows you to select 
which amplifiers, transverters, or antennas are to be 
tied in at the same time. 

Since my exciter has a negative voltage on the PTT 
line, and my tetrode amplifiers use negative bias stand¬ 
by switching. I've used negative relay supplies and 
PNP switches for everything in the shack. However, 
this circuit can also be used with positive supplies by 
merely substituting NPN transistors and flipping over 
all the electrolytic capacitors. 

A basic two-transistor PNP switch is illustrated in 
fig. 1 . I use dozens of these switches in my shack. 
Most of the transistors are available for about ten 
cents. The relay drivers {which must handle high cur¬ 
rent) and the tetrode amplifier bias switches (which 
must handle high voltage) cost a bit more. I've used 


this circuit to convert all the gear I've built with relays 
over the last 40 years to solid-state switching; none 
has ever failed. 

circuit description 

The switching operation shown in fig. 1 is very sim¬ 
ple. Were it not for Q1, resistor R2 would supply 
enough base current to saturate 02. This lowers the 
collector voltage to a very low value, which energizes 
the relay and enables the amplifier or other circuits. 
In the unkeyed state, resistor R1 supplies enough base 
current to saturate Q1, lowering the voltage at the col¬ 
lector of Q1 to about - 0.1 volts, much lower than the 
- 0.6 volts needed at the base of 02 to turn it on. 
Thus, in the normal state, Q1 is on and Q2 is off. Now 
what happens when the key is dosed?* Keying the 
circuit grounds the base of Q1, turning it off. This re¬ 
moves the grounding {by the collector of Q1) from the 
base of Q2, allowing R2 to turn it on. Now the collec¬ 
tor of 02 drops to about - 0.1 volts, enabling the re¬ 
lay or other device. Having the top of the relay coil 
always hot is one clue to the simplicity of this circuit. 
The transistors all have their emitters grounded and 
are either on or off, so their collectors either present 
a ground to the next stage or do not. Everything in 
the shack is enabled by simply grounding a terminal. 
There's no need for making two-wire connections 
when you want to apply a voltage to something. 

The basic circuit shown in fig. 1 needs only diode 
isolation and timing to become a full working device. 
These features have been added in fig. 2. 

diodes provide isolation 

Diode isolation is provided by inserting CR1 in the 
key line. If two or more of these switches have their 
key lines all tied together, the diodes CR1 in each 
switch will prevent any current flow between switch¬ 
ing circuits. There's only one problem: with CR1 in 
the key line, closing the key reduces the voltage at the 
low end of R1 only to the forward voltage drop of the 
diode, which is just about the same as the - 0.6 volts 
required to turn on the base-emitter junction of Q1. 
Thus, Q1 may or may not turn off, depending on the 
characteristics of the diodes and transistors, the tem¬ 
perature, and other such details. Diode CR2 saves the 
day by producing a 0.6-volt drop between the low end 
of R1 and the base of Q1. Now the voltage at the low 
end of R1 must be about -1.2 volts to turn on Q1. 
Closing the key drops it to -0.6 volts, and Q1 goes 
off with absolute certainty. Thus CR2 fixes the prob¬ 
lem caused by the isolating diode, CR1. 

"' Key" is a generic term used here for the point in any solid-state switch, 
relay circuit, exciter, or amplifier which is grounded in order to enable the 
device. Only in a CW keying circuit would "key" indicate a real telegraph 
key, and even then we'd usually be referring to the output of an electronic 
keyer. In this antenna relay sequencing circuit, the PTT line connects to the 
"key" terminal of the switch 
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Figure 2 shows the general form of the switch, with 
two timing capacitors, although we use only one ca¬ 
pacitor in each of the separate antenna relay and am¬ 
plifier switching circuits, (Both capacitors could be 
used in certain applications, when both turn-on and 
turn-off delays are desired.) Capacitor C2 provides a 
turn-on delay (which we will use for the amplifier), 
while capacitor Cl provides a turn-off delay (which we 
will use for the relay). When the key is closed. Cl dis¬ 
charges immediately through CR1, and Q1 turns off. 
This allows R2 to turn on Q2, but not instantaneous¬ 
ly. It must charge C2 up to about - 0.6 volts, and this 
takes a bit of time. Thus C2 provides a turn-on delay, 
but Cl doesn't affect the turn-on. Now when the key 
is let up, this allows R1 to turn on Q1 — but, again, 
not instantaneously. It must charge Cl up to about 
-1.2 volts, and this provides the turn-off delay. As 
soon as Q1 turns on, its collector discharges C2 im¬ 
mediately, so C2 doesn't affect the turn-off time. 

separate relay and amplifier switching 

It's the clean separation of functions between Cl 
and C2 that makes the use of two separate switching 
circuits — for relay and amplifier — well worth the few 
extra parts. In the relay switching circuit, there's no 
C2 and the turn-off delay capacitor Cl doesn't delay 
the turn-on. In the amplifier switch, there's no Cl and 
the turn-on delay capacitor C2 doesn't delay the turn¬ 
off. Although there may be circuits that will do all this 
with one transistor, the adjustment of turn-on and 
turn-off times is much more complicated, there's no 
isolation (so key lines can't be tied together), and hot 
two-wire connections are often required. The sequenc¬ 
ing could also be done with timer ICs, but this circuit 
seems simpler and may be less susceptible to rf pick¬ 
up problems. Instead of comparators and timer thresh- 
holds, this circuit simply uses the base-emitter 
junctions of the transistors, which have sharp thresh- 
holds at about 0.6 volts with hard turn-on currents, 
resulting in a very sharp positive action. Timer 1C cir¬ 
cuits would still need the timing capacitors, transis¬ 
tors for relay drivers, and transistors or relays in 
interface circuits to match PTT lines and amplifier con¬ 
trol lines. 

selection of bias resistors 

The basic switching circuit shown in fig, 1 doesn't 
show the values of the bias resistors R1 and R2. These 
depend on the load current to be switched. Take first 
an antenna relay switch. A typical 24-Vdc antenna re¬ 
lay draws about 80 mA — let's say no more than 100 
mA. We don't need the exact relay coil current, but 
rather just an upper limit for design purposes; our cir¬ 
cuit will work well with any relay drawing less than 
this limit. To ensure that Q2 turns on hard at this col¬ 


lector current, a good rule of thumb is to provide a 
base current of about 10 percent of the collector cur¬ 
rent. This is like asking the transistor to have a gain 
of 10; the transistors we'll be using have typical gains 
in the 50 to 200 range, so this is quite a conservative 
rule. For Q2 to turn on hard means that with the 
100-mA collector current, the collector voltage should 
drop quite low, to about 0.1 or 0.2 volts. This is not 
to ensure that the relay coil will get the full 24 volts 
(it will probably work fine at only 20 volts), but instead 
to keep the Q2 collector dissipation low. At 0.2 volts 
this will be only 0.02 watts, but if Q2 doesn't turn on 
hard, and the collector voltage drops only to 4 volts, 
the dissipation will be 0.4 watts, more than the rating 
of a typical ten-cent transistor. So for a 100-mA col¬ 
lector current, we'll provide a base current of 10 mA. 
The bias resistor R2 should then have the value 
R = E/I = 15/0.01 = 1500 ohms. The power in R2 will 
be P = i 2 R = (0.01 ) 2 * 1500 = 0.15 watts, so a 1 /2-watt 
resistor will be satisfactory. 

Q1 has to sink the 10-mA current in R2 in order to 
keep Q2 off until we push the PTT button. The col¬ 
lector voltage of Q1 should be as low as 0.1 to 0.2 
volts, well below the 0.6 volts required by the base 
of 02, so that Q2 will stay off. We apply the same rule 
of thumb as before; Q1 needs only 1-mA base cur¬ 
rent in order to sink 10 mA in the collector circuit. Thus 
for R1 we need a value of R = 15/0.001 = 15 k. Of 
course, the voltage across R1 isn't the full 15 volts, 
because of the small voltage drop in CR1 and the base- 
emitter junction of Q1, But there's no need here for 
mathematical precision. The power in R1 will be only 
0.015 watts, so well use a 1/4-watt resistor, (When¬ 
ever the required current comes out less than 1 mA, 

I always provide 1 mA anyway; this avoids unusually 
low currents, thereby lessening any possibility of prob¬ 
lems from leakage in the PTT line or rf pickup, and 
ensures that the output transistor in any switch, even 
if built to switch only another 1-mA line, will sink at 
least 10 mA, and will thus switch several 1-mA lines 
simultaneously if necessary.) 

The current gain of the two transistors together is 
the product of the individual gains. Thus, to be safe, 
we assume a combined gain of 100, although 10,000 
would be a more typical value. It's this gain of at least 
100 that allows the 100 mA relay coil to be controlled 
with only 1 mA on the PTT line. 

The amplifier switch bias resistors are even easier 
to select. If the amplifier bias switching circuit follows 
the standards listed above, you'll need to sink only 1 
mA on the amplifier control line. So 15-k, 1/4-watt 
resistors will be acceptable for both R1 and R2. Well 
leave the bias switching problem to the amplifier it¬ 
self, This will keep the bias, up to - 300 volts, off our 
control lines and out of our station band switch. The 
bias switch will be discussed below. 
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CR1-CR4 1N914, 1N40Q1, or any Similar silicon diode 
CR5 1N4Q07, or any similar silicon dtoda. 

Q1,Q3,Q4 Any PNP type with 20-volt or hlghar rating; aaa taxi. 

QZ Any PNP typa with voltage rating wall above the ratay voltage -24V 



fig. 3. Complete sequencing circuits. Component va/ues 
shown are for a typical 24-volt antenna relay; for other 
relays, see text. Not shown is rf filtering on all lines that 
lead outside the box, and disc ceramic bypass capacitors 
from base to emitter of each transistor. This filtering with 
rf chokes and bypass capacitors follows standard prac¬ 
tice; actual values of the components will depend upon 
the freque ncy of operation. _ 

selecting the timing capacitors 

Figure 3 shows a typical complete sequencing cir¬ 
cuit — in this case, for a 24-volt relay. The -24 volt 
relay supply is further dropped to - 15 volts for the 
timing circuits. Since the voltage used affects the tim¬ 
ing, this ensures that if the relay is changed to one 
with a different coil voltage, the timing circuits need 
not be readjusted. 

Because of variations in the actuating time of dif¬ 
ferent relays, it won't be sufficient to merely provide 
component values; the method of calculation must be 
explained. The time constant formula T = RC is usually 
used to choose circuit values in an R-C timing circuit, 
as in fig. 4. The units are seconds, ohms, and farads, 
but if kilohms and microfarads are used for R and C, 
the formula conveniently gives the time, T, in milli¬ 


seconds (ms). The time constant, T, is the time re¬ 
quired to charge the capacitor to about 63 percent of 
the applied voltage, V. In the circuit used here, how¬ 
ever, the capacitors never charge beyond about - 0.6 
or - 1.2 volts. To find the exact time to reach this volt¬ 
age requires a complicated exponential-growth formu¬ 
la. But in this situation the level of charge is less than 
10 percent of the applied voltage, so a much simpler 
formula will suffice: 


This is a straight-line approximation to the exact volt¬ 
age. Here, V is the applied voltage, v is the voltage 
reached after time f, and T is the time constant. The 
formula indicates a simple proportionality between the 
time and the voltage. Thus, in a circuit with a time 
constant, T = 500 ms, and an applied voltage of 
V-15 volts, the capacitor will charge to about 
v = -0.6 volts (4 percent of the applied voltage) in 
about t = 20 ms (4 percent of the time constant). For 
a 10-ms antenna relay, this delay would be enough 
to hold off the amplifier while the relay closes. 

Once we have the required time constant, it's easy 
to find the value of the capacitor needed in each bias 
circuit. With a 20-ms relay, we may wish to delay the 
amplifier for 30 ms, in order to allow for contact 
bounce. Using the relationship 

I * -y T (3) 

with the values v = 0.6 volts and V = 15 volts, we 
find we need a time constant of 

T = -LL- . 30 = 750 ms (3) 

0.6 


The delay capacitor C2 is on the base of Q4. If the 
switching circuit in the amplifier follows the standards 





fig. 4. RC timing circuit. The time constant of this cir¬ 
cuit is defined by T = RC, which is the time required 
for the voltage v on capacitor C to reach about 63 per¬ 
cent of the applied voltage V. The exact time required 
for the voltage on capacitor C to reach a specified vol¬ 
tage v is given by t = - T In (1 - v/V). However, it is not 
necessary to use such a precise formula. The approxi¬ 
mate time required for the voltage on capacitor C to 
reach a low specified voltage v is given by: 

t~{v) * ^his approximation is within 6 percent of the 

exact time, as long as v is less than 10 percent of the 
applied voltage V. 
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fig. 5. Tetrode amplifier bias switch. Values shown are 
typical for an amplifier of about - 150 volts standby bias, 
such as a 4CX1000A. Rf filtering should be added, as 
noted in fig. 3. 


listed above (for example, the circuit shown in fig. 5), 
the bias resistor R4 will have the value 15 k. Thus, we 
obtain 


C 



750 m s 
15 k 


50 fiF 



Although one could calculate all this precisely, the 
final adjustment is best made empirically with an os¬ 
cilloscope, as described below. 

Now that we have the amplifier delay timing capac¬ 
itor chosen, we can work on the antenna relay hold- 
in timing. On voice, one usually stops talking a frac¬ 
tion of a second before letting up the PTT switch. The 
delay is provided by our human reaction time, which 
is pretty slow compared to the speed of the electrons 
we're pushing up to the antenna. Still, one might re¬ 
lease the PTT button in the middle of the last sylla¬ 
ble, or take the foot off the foot switch while keying, 
and we have to provide for any such possibility. A 
good exciter continues to transmit for 3 to 5 millisec¬ 
onds after the key is let up; this allows gradual decay 
of the keying waveform and prevents key clicks. If the 
antenna relay opens during this time, arcing will re¬ 
sult, and in the case of QSK operation, key clicks will 
be generated. 

For these reasons we provide a short delay in open¬ 
ing of the antenna relay when the PTT line is opened. 
In fig. 3, this is done with Cl at the base of Q1 in the 
relay switching circuit. When the PTT line is opened, 
Q1 won't turn on until Cl charges through R1 up to 
about - 1.2 volts. This is 8 percent of the applied - 15 
volts, so we need a time constant T - RC about 12.5 


times the required delay. For a 6-ms relay hold-in time, 
T = 75 ms will be about right. If R1 is 15 k, Cl will need 
a value of C = T/R = 75 ms/15 k = 5 /<F. 

antenna relays 

Since the best bargains for coaxial relays on the sur¬ 
plus market, or at swap meets, are 24-volt dc types, 
fig. 3 shows the circuit for these. The dc relays offer 
the advantages of quiet operation, solid-state control, 
and the convenience of using the relay supply to pow¬ 
er the sequencing circuit. However, the circuit is eas¬ 
ily adapted for an ac antenna relay by adding a small 
reed relay as shown in fig. 6. The reed relay switch¬ 
ing time is quite small compared to that of the coax 
relay. We can add a few milliseconds to our compu¬ 
tations, or just let it be absorbed in the final scope test. 

Because of the high cost of antenna relays. I've fol¬ 
lowed the old-fashioned custom of using only one re¬ 
lay, at the amplifier output, with the receiver antenna 
line running to a separate jack on the exciter. This min¬ 
imizes losses on VHF and alleviates the need for double 


ANTENNA RELAY 
Wl TH 1 13VAC con. 

-l2V 


RYl i I 

A A 

7/5 VAC 

‘.“I 

TO COH ECTOR Of 02 IN 
SEOUENCiNG CIRCUIT, EIC J 

fig. 6. Interface for ac-operated antenna relay. RY1 is a 
12volt reed relay; other coil voltages may also be used. 




relays on every preamplifier, attenuator, transverter, 
and driver down the line. This method is also highly 
recommended by some GaAsFET preamplifier manu¬ 
facturers for safest operation. However, if you want 
to use two relays, switching the input and output si¬ 
multaneously, just connect the coils in series or par¬ 
allel, depending on the operating voltage available. 

In the complete sequencing circuit shown in fig, 3, 
both the relay switch and amplifier switch are limited 
to 1-mA closed-circuit current, but the circuit as a 
whole requires the PTT line to sink 2 mA. The design 
standards can be implemented a bit loosely; in fact, 
the 1-mA limit was chosen for just this reason. If each 
individual circuit conforms to this limit, then any 
reasonable number of such circuits can be tied in 
parallel, and the total current will remain small. 

In one of my relay sequencing circuits, extra pro¬ 
tection is provided by inserting one set of the coax re¬ 
lay auxiliary contacts at the input to the amplifier delay 
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circuit at the base of G3 in fig. 3, and the other set 
at the output at the collector of G4. This keeps the 
amplifier disabled in the event of failures such as an 
open relay coil or a shorted or open transistor. This 
also provides some mechanical delay so that Cl need 
provide delay only during the bounce time. However, 
this mechanical method doesn't eliminate the need for 
the amplifier sequencing circuit. Oscilloscope tests on 
typical antenna relays show considerable antenna con- 
tact bounce times, continuing long after the auxiliary 
contacts close. Incidentally, the "hot-shot" method 
(providing double the coil voltage for about 50 ms) of¬ 
ten seems to make the bounce worse! 

amplifier switching 

For tetrode amplifiers with negative grid bias stand¬ 
by switching, amplifier switching is done with a sepa¬ 
rate switching circuit installed in the amplifier, as 
shown in fig. 5. In principle, the amplifier bias adjust¬ 
ment control could be connected directly to the col¬ 
lector of 02 in the sequencing circuit of fig. 3, but 
this would have several disadvantages. The voltage 
rating of Q4 would have to be high enough to handle 
the full standby bias of the amplifier, as high as - 300 
volts or more. This high voltage would be on the cable 
between the amplifier and the sequencing circuit, vio¬ 
lating the standards set forth at the opening of this 
article. If the control lines of both the driver and final 
amplifier are tied together at Q4, the - 300 volts from 
the amplifier would appear at the driver switching cir¬ 
cuit and in the station band switch. The isolating 
diodes would have to be the high-voltage type and 
there would be dangerous voltages in unexpected 
places. I much prefer to have the bias switching cir¬ 
cuit inside the amplifier, even though it may seem a 
bit strange to find four transistors between the PTT 
switch and the amplifier bias circuit. All but the last 
one.a required high-voltage type — are inexpensive. 

For amplifiers with screen voltage standby switch¬ 
ing, a small reed relay with a solid-state driver can be 
installed in the amplifier. For zero-bias triode amplifi¬ 
ers, the solid-state interface circuit shown in fig. 7 may 
be used. 

connection to the exciter 

The PTT jack on the sequencer can be connected 
in parallel with the PTT line of the exciter if the ex¬ 
cite? PTT line is also negative and isolated. If the ex¬ 
citer PTT line is negative but not isolated, isolation can 
be easily provided by using the basic circuit of fig. 2, 
with no timing capacitors. If the exciter PTT line is 
positive, and you want to use negative switching for 
most gear in the shack, the interface circuit shown in 
fig. 7 can be used. For full break-in, the exciter can 
be delayed using another two-transistor switching 
circuit. 


x t r 
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9 9 POSITIVE exciter 

PTT L INF 


470 £ J Z* OR AMPLIFIER 

IW <* l/ZW ' CONTROL LINE 
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fig. 7. Interface for positive switching. This circuit will 
enable the negative switching sequencing circuit to con¬ 
trol a positively switched triode amplifier bias standby 
circuit, an exciter positive PTT circuit, or a relay ener¬ 
gized with a positive voltage. It will sink more than 100 
mA. Rf filtering should be added as noted in the cap¬ 
tion for fig. 3. To reduce the current and voltage on the 
keyline, to conform with the standards suggested in the 
text, insert the basic circuit of fig. 2, without timing capa 
citors, in place of diode CR1. 


testing and adjustment 

The antenna relay can be tested to determine the 
actuating and bounce time before building the se¬ 
quencing circuit, but it's easier to build the circuit using 
estimates of the delays required and then test the 
whole system afterwards. An amplifier delay of 50 ms 
and a relay hold-in time of 10 ms would be good fig¬ 
ures to start with. 

One possible test setup using a dual-trace triggered 
scope is shown in fig. 8. Although this illustration 
shows a battery, any available voltages from test sup¬ 
plies can be used. The antenna relay is controlled by 
the sequencing circuit, but the amplifier isn't used for 
the test. The external scope trigger connection, con¬ 
nected to the PTT line, is used. Thus the left edge of 
the scope trace represents closing of the PTT line. A 
foot switch, straight key, or push-button on the PTT 
line is convenient for repeated, manually triggered 
tests. The closing and opening transitions can be ob¬ 
served separately by changing the trigger polarity. One 
trace is used for the antenna relay contacts, and the 
other for the amplifier switching circuit. The testing 
is done with very small voltages and currents, so no 
damage results while you try different timing capaci¬ 
tors or parallel combinations of whatever capacitors 
are on hand in an effort to obtain the desired delays. 

The timing capacitors should be selected so that the 
amplifier switch doesn't turn on until about 5 ms after 
the relay contacts cease bouncing and the contacts 
remain closed until about 10 ms after the amplifier 
shuts down. After initial adjustment, the antenna re 
lay contact test current can be increased to several 
amperes; more bounce sometimes appears. 

A single-trace scope can be used to see what's hap¬ 
pening at two or more different places simultaneous- 
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ly, although it requires the special test circuit shown 
in fig. 9. A triggered sweep is still needed. The bat¬ 
tery and the resistors establish various voltages, which 
the relay contacts and the amplifier switching circuit 
alter in such a way that can be observed on the scope. 
With the PTT line open, -9 volts will be seen on the 
scope. It stays at -9 volts while the relay contacts 
close. As soon as the relay closes, it climbs to -6 
volts, then to -3.6 volts when the amplifier switch¬ 
ing circuit turns on. If the amplifier switch turns on 
before the antenna relay closes, the trace will climb 
to -4.5 volts without going through the - 6 volt 
stage, indicating that more amplifier delay is needed. 
Contact bounce before the amplifier switch turns on 
is seen on the scope as a fluctuation between ■- 9 and 
-6 volts. Contact bounce after the amplifier switch 
turns on (to be avoided!) is seen on the scope as a 
fluctuation between -3.6 and -4.5 volts. Now when 
the PTT line opens, the amplifier switching circuit turns 
off instantly; the trace drops to -6 volts and stays 
there while the relay holds in, then drops back to the 
full -9 volts, 

obtaining components 

Inexpensive PNP transistors are available from the 
suppliers listed below.** For most circuit positions the 
40-volt, 200-rnA 2N3905 will do well, A good 24-volt 
relay driver is the slightly more expensive 120-volt 
2N5400. Rated at 600-mA collector current, it will han¬ 
dle a 100-mA relay coil current with a nice safety fac¬ 
tor. For higher coil current, such as we'd have with 
relays in parallel or 6-volt relays, the MPS-U57 (rated 
for 2 amperes) can be used. For tetrode amplifier bias 
switching in the circuit shown in fig. 5, the 300-volt 
MPS-A92 is available from BCD Electro.** These 
choices of transistor types are quite arbitrary; any avail¬ 
able PNP types can be used as long as you check the 
manufacturer's ratings and compare these with the cir¬ 
cuit voltage and current requirements. 

For the timing capacitors, it's essential to use only 
tantalum electrolytics rather than ordinary filtering 
types. Tantalum will remain stable, with negligible 
leakage, over a very long time. Tantalum electrolytics 
usually have a 10 percent tolerance, which is satisfac¬ 
tory for sequencing purposes. On the other hand, the 
ordinary aluminum types often have tolerance ratings 
such as -20 percent to +100 percent. Because of 
this, and their leakage and unreliability, they are un¬ 
usable in this application. Notice that in these circuits 
the capacitors never see more than 1.2 volts, so inex¬ 
pensive 6-volt units may be used. One source for tan¬ 
talum electrolytics is, again, BCD Electro.** 

performance 

For several years I've used two of these units with 
two homebrew amplifiers. One uses a 4CX1000A on 
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fig. 8. Test setup with a dual-trace scope. 
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fig. 9. Test setup with a single-trace scope. Not shown 
is the trigger and PTT connection, which is the same as 
shown in fig. 8. 


1.8 through 50 MHz; the other uses push-pull 4-400A's 
at 144 MHz. There's no arcing at the contacts, and 
I believe the antenna relays will last a long time. 

Many antenna relays have an inspection port at one 
end, with a snap-in cover, for checking the contacts 
and connectors, which can be cleaned or replaced if 
necessary. It's interesting to remove this cover, turn 
off the shack lights, and watch for arcing. Without 
the sequencing circuit, the arcing can be seen clearly 

* * BCD Electro, P.O. Box 830119, Richardson, Texas 75083. Parts also avail 
able from Circuit Specialists, P.O. Box 3047, Scottsdale, AZ 85257. 
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every time you push or let up the PTT button, (For 
this test I ran low power to avoid burning the contacts 
too badly.) The dark-shack visual method provides a 
good final check on the sequencing circuit; this was 
how I found out how important it was to allow for the 
contact bounce time. 

The sequencing circuit will protect the relay against 
contact arcing as long as there's a proper load on the 
antenna terminal. If a proper load is absent because 
of high SWR, antenna failure, feedline failure, or para- 
sitics, the rf voltage could reach a high level and arc¬ 
ing could result between the transmit contact and the 
grounded relay shell. To protect against this, rf volt¬ 
age limiting can be used with the circuit shown in refer¬ 
ence 1. This circuit senses the rf voltage from the relay 
terminal to ground and uses the exciter ALC system 
to keep the amplifier output level below the arcing 
point. If the relay and sequencing circuit are built into 
.the amplifier, all these protection circuits can be com¬ 
bined on one circuit board with an ALC circuit from 
reference 2 or 3, 
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ANTENNA POLARITY SWITCHER MODEL APS-1 

The APS-IJs a self-contained control head designed to allow 
remote polarity switching of circular antennas such as the 
Mirage/KLM range of crossed yagis. 

The APS-1 may be powered by the power adaptor (included) or may alternately be powered from a vehicle or other 13*17 
VDC source. 

In addition to switchable outputs for two antennas, the APS-1 also contains a 6-13 volt regulated DC power supply. This 
feature is designed for powering items such as preamplifiers, VHF/UH F converters, etc., but may also be used whenever 
a low-current stabilized variable voltage source is required. 
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impedance matching 
techniques 

Because hardly a month goes by 
that I don't receive at least one ques¬ 
tion about impedance matching, this 
month's column will first address the 
subject generally and then describe 
some specific techniques. 

impedance matching in 
general 

When impedance matching is dis¬ 
cussed, it usually refers to matching to 
an antenna. Often the only question is 
"How do I get a low VSWR?" 

For years Amateurs have had the 
notion that if the VSWR isn't close to 
unity (1:1), valuable power is being 
lost. They seldom consider the inser¬ 
tion loss of the transmission line, the 
accuracy of the measurement gear, or 
the mismatch loss (if any). 

It's true that if the VSWR on a trans¬ 
mission line isn't I T, there's an addi¬ 
tional line loss over and above that of 
the insertion loss of the feed line. 1 
This is often referred to as "mismatch 
loss." For many years a graph pub¬ 
lished in several Amateur journals and 
the ARRL's Antenna Book has shown 
how to estimate the mismatch loss if 
the VSWR at the load and the nomi¬ 
nal insertion loss of a transmission line 
are known. 2 Because I didn't know 
how precise it was, and because using 
it involves a two-step addition process 
(another possible source of error), and 
because it doesn't include low trans¬ 
mission line losses such as typically en¬ 
countered at EME, I haven't had much 
confidence in it. 

Thanks to Dick Turrin, W2IMU, I 
now have the mismatch loss mathe- 
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fig. 1. Total insertion loss in a transmission line terminated in a mismatch (see text). 
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matical equations, but they are 
lengthy, Dick pointed out to me that 
a mismatch loss graph using a different 
format was published in the 1940s. 3 
Sure enough. I'd had the information 
in my files all these years and hadn't 
noticed it! 

I've verified the math. The older 
and, in my opinion, more useful graph 
for mismatch loss is shown in fig. 1. 
Note that this graph stands alone, in 
that the loss indicated is the total loss, 
not just an incremental amount which 
then has to be added to the nominal 
insertion loss. As with the former 
graph, you still have to know the 
VSWR at the load as well as the nomi¬ 
nal insertion loss of the transmission 
line. The latter quantity, however, is 
readily available. 7 2 

For example, using fig. 1, if the 
VSWR at the load is 5:1 and the nomi¬ 
nal transmission line insertion loss is 
0.2 dB, the total insertion loss — in¬ 
cluding the mismatch loss — will be 
0.5 dB. Furthermore, if the VSWR at 
he load is 3:1 and the nominal inser¬ 
tion loss of the line is 5 dB, the total 
insertion loss will be 6 dB. I feel that 
fig. 1 is easier to use and more realis¬ 
tic than the graph most Amateurs are 
presently using. 

Impedance matching is especially 
important nowadays because of the 
proliferation of solid-state power am¬ 
plifiers that will shut down or decrease 
power in the presence of VSWR above 
1.5 or 2:1. However, the subject of im¬ 
pedance matching extends beyond an¬ 
tenna systems, since impedance 
matching can also refer to matching 
into or out of a low-noise, medium, 
or high power amplifier. Impedance 
matching can be narrowband as well 
as broadband and between resistive or 
reactive loads. 

categories of impedance 
matching 

Before we go any further, we should 
discuss what I feel are the three major 
categories of impedance matching: 
nonreflective, conjugate, and optimum 
source. Nonreflective matching is 
probably the most common type. In 
this scheme, an impedance matching 


network or "antenna tuner" is placed 
somewhere in the line between the 
source and load. This network is then 
tuned for minimum VSWR looking 
into the load. In a worst-case scenario, 
a large attenuator could be placed be¬ 
tween the source and load to yield a 
good impedance match. (More on this 
shortly.) 

Conjugate matching is often used in 
the design of solid-state power ampli¬ 
fiers where gains are typically low and 
therefore losses must be kept at a mini¬ 
mum, both in the input matching net¬ 
work and in the components involved. 4 
In order to accomplish a conjugate 
match, all reactive components must 
be cancelled and the resistive com¬ 
ponent of the load made equal to 
the input line impedance. 5 Conjugate 
matching is often used in applications 
where wider bandwidth or no tuning 
is desired. 

Optimum source matching usually 
refers to providing the impedance re¬ 
quired for best operation of the load. 
In the case of a vacuum tube power 
amplifier, if a conjugate output match 
is used, at least one-half of the rf out¬ 
put power generated would have to be 
dissipated in the tube — a very ineffi¬ 
cient condition. 5 Therefore, conjugate 
matching is usually not used in high- 
power amplifier designs. 

In a similar manner, the input circuit 
of a low-noise preamplifier is often 
tuned to an impedance that produces 
the lowest noise figure, which seldom 
yields a good impedance match. There¬ 
fore a device or circuit that requires 
optimum source matching will usually 
have a moderate to poor input and/or 
output VSWR. 

simple impedance¬ 
matching techniques 

There are many ways to perform 
impedance matching. Resistors, trans¬ 
formers, reactive elements, trans¬ 
mission lines, and stubs are some 
commonly used VHF/UHF/SHF tech¬ 
niques, The optimum choice depends 
on whether the load is resistive or reac¬ 
tive, whether any insertion loss is 
allowable, and how broadband the 
match must be. 


If loss isn't a problem, the load is 
resistive and doesn't have to see an im¬ 
pedance match looking back at the 
source; a simple resistor or resistor 
network is all that's necessary for a 
wideband impedance match. Several 
examples of resistor matching are 
shown in fig. 2. 

In fig. 2A, the impedance of the am¬ 
plifier must be resistive and less than 
the source impedance. The matching 
resistor, R, will be the difference be¬ 
tween the source and load impedance. 
For example, if you want to match a 
source of 50 ohms and the load is 40 
ohms, R should be 10 ohms. 

If the load impedance is higher than 
the source, use a shunt resistance as 
shown in fig. 2B. With a load of 75 
ohms, the shunt R will have to be 150 
ohms to provide a match to a 50-ohm 
source. In either case, the matching 
resistor will dissipate power and de¬ 
crease overall gain. Furthermore, the 
source will see a good impedance 
match but the load looking back to¬ 
ward the source will see a mismatch. 
The larger the impedance difference 
between the source and load, the 
larger the insertion loss and the lower 
the gain. 

Sometimes it's desirable to have 
both the source and load see a good 
impedance match. In this case, the so- 
called "minimum loss pad" can be 
used for impedance matching (see 
figs. 2C and 2D). This type of im¬ 
pedance matching provides a match 
looking both ways but has a higher in¬ 
sertion loss than the single resistor 
matching shown in figs. 2A and 2B. 

For example, using fig. 2C with a 
source impedance of 50 ohms and a 
load of 40 ohms, R1 should be 22.4 
ohms and R2 89.4 ohms. The overall 
insertion loss will be 4.2 dB. If the load 
impedance is higher than the source, 
use the circuit in fig. 2D. With a 
source impedance of 50 ohms and the 
load at 75 ohms, R1 will be 86.6 ohms 
and R2 43.3 ohms. The overall inser¬ 
tion loss will be 5.7 dB. 

If gain is of no consequence, typi¬ 
cal "T" or "PI" attenuator pads can be 
used for impedance matching as 
shown in figs. 2E and 2F. If the at- 
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fig. 2. Different types of resistor match¬ 
ing for cases in which the source and 
load impedance are resistive: (A) source 
impedance is higher than load; (B) load 
impedance is higher than source; (C) 
minimum loss pad with source impe¬ 
dance higher than load; (D) minimum 
loss pad with load impedance higher 
than source; (E) typical symmetrical "T" 
pad attenuator; (F) typical symmetrical 
"PI ' pad. 





fig. 3. Typical transformer matching techniques: {A) simple 4:1 bifilar wound transformer; 
(B) typical 4:1 balun transformer; (C) trifilar wound 9:1 transformer; {D) typical resonant 
step-up/step-down transformer; (E) step-up/step-down transformer using tapped cap¬ 
acitor configuration; (F) variable tap transformer. 


tenuation of the pad is high enough, 
for example 10 dB, the source and load 
will typically see a VSWR equal to or 
better than 1.2:1. Values for a 10-dB 
pad are 26, 35, and 26 ohms for Rl, 
R2, and R3, respectively, in fig. 2(E) 
and 96, 71, and 96 ohms, respective¬ 
ly, in fig. 2(F). 

Finally, even lossy coax cable can 
act as an attenuator. For example, 
RG-58A/U coax has a loss of approxi¬ 
mately 11 dB per 100 feet at 400 MHz. 


Therefore, about 90 feet of RG-58A/U 
would make an excellent 10-dB attenu¬ 
ator for the 70-cm (432 MHz) band 
with a power rating of 85 watts to 
boot. 1 Equations for designing mini¬ 
mum loss and matched attenuator 
pads are available in most design hand¬ 
books. 6 Typical computer programs 
are also available. 7 

transformer matching 

Another method of impedance 
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matching is through the use of trans¬ 
formers. The 4:1 transformer is partic¬ 
ularly popular with Amateurs. It will 
conveniently match a resistive source 
to a resistive load that is four times the 
impedance. A bifilar wound transform¬ 
er is often used, as shown in fig. 3A. 
This technique was recently suggest¬ 
ed by Bob Sutherland, W6PO, for 
matching out of GaAsFET amplifiers. 8 
Bifilar wound transformers are also 
very popular for toroidal baluns (fig. 
3B). Trifilar wound transformers can 
also be used to match resistive im¬ 
pedances that are a ratio of nine times 
(fig. 30. 

Another popular form of transform¬ 
er is the resonant step-up/step-down 
type that is often used at the input of 
low-noise receivers. It has many forms, 
but those shown in figs. 3D and 3E 
are the most popular. Figure 3F is a 
somewhat simpler but more obscure 
transformer configuration that's pop¬ 
ular where the goal is to optimize 
the impedance in the circuit without 
changing taps or components. Reso¬ 


nant transformers are often used in 
reverse to match the output of a high- 
impedance small signal amplifier to a 
lower impedance. Other types of trans¬ 
formers using coaxial techniques will 
be discussed shortly. 

reactive impedance 
matching 

So far I've been discussing mostly 
resistive matching networks. At the 
lower VHF/UHF frequencies, especial¬ 
ly when low-loss impedance matching 
is required over only a narrow band¬ 
width, simple "L" networks using in¬ 
ductors and capacitors are often used, 
especially when the load impedance is 
reactive. 

This is probably the time to mention 
the venerable "Smith Chart," a tool 
used mainly by professionals to im¬ 
pedance match from any one imped¬ 
ance to any other impedance if the 
impedances of the source, load, and 
reactive components are known. 9 
Smith points out in Chapter 10 of his 
book that any resistive impedance, Zo, 
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fig. 5. Typical stub impedance matching 
networks: {A) open shunt stub; IB) short¬ 
ed shunt stub; {C) shorted shunt and 
series transformer; (D) series trans¬ 
former and open shunt stub. 


can be matched to any complex im¬ 
pedance, Z1, using a simple L-net- 
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fig. 6. Typical coaxial transformers: (A| quarter-wavelength transformer; (B| elements 
of the physical properties of a coaxial line; (C) example of a 50 to 75 ohm non- 
synchronous transformer. (D) Coaxial cables can be paralleled to half the nominal 
impedance. 


work. The eight required circuit 
topologies are shown in fig. 4. Smith 
shows the recommended network 
based on the portion of the Smith 
Chart where the load is present. 

stub matching 

Impedance matching can also be ac¬ 
complished using coaxial stubs. The 
most common configurations are the 
open (fig. 5A) and the shorted (fig. 
5B) shunt types. In most cases the 
stub is less than one-quarter wave¬ 
length. If a shunt stub isn't sufficient 
to complete the match, a tandem trans¬ 
mission line, also usually less than one- 
quarter wavelength, may be added 
ahead of or behind the shunt stub as 
shown in figs. 5C and 5D. The Smith 
Chart is particularly useful for perform¬ 
ing stub matching. 

Use of the Smith Chart has been 
described many times in the Amateur 
literature 10 1112 so I won't dwell on it 
here. Instead, Hi refer you to these 
references and use the rest of this 
month's column to show simple im¬ 
pedance-matching techniques that can 
be easily implemented by Amateurs. 

coaxial transformers 

Probably one of the most widely 
used impedance matching techniques 
in the VHF/UHF spectrum is the "quar¬ 
ter-wavelength transformer" as shown 
in fig. 6A. In its simplest form it can 
match virtually any two resistive im¬ 
pedances. The impedance of the line 
is the geometric mean between the in¬ 
put and output impedances as shown 
below: 

\ Z, n Z out 6(jn. 1 

Where Z t is the impedance of the 
quarter-wavelength transformer, Z in is 
the input impedance, and Z out is the 
output impedance, all in ohms. For 
example, let's say that we want to 
match a 50-ohm resistive line to a 
75-ohm resistive line. Using equation 
1, the optimum impedance of the 
quarter-wavelength transformer, Z t , is 
61.24 ohms. 

The length, as stated above, must 
be one-quarter wavelength at the oper¬ 


ating frequency. This can be deter¬ 
mined using equation 2: 

L = e r (2951 /f) eqn. 2 

Where L is the length in inches, e r is 
the dielectric constant, 1.0 for air, and 
f is the frequency in MHz. Therefore 
a quarter-wavelength transmission line 
at 432 MHz using air dielectric is ap¬ 
proximately 6.83 inches long. 

Now all you have to do is to build 
a coaxial line section one-quarter 
wavelength long that has a charac¬ 
teristic impedance of 61,24 ohms. The 
impedance can be determined using 
equation 3; 

Z - 138 log (D2/D1) eqn. 3 

Where Z is the impedance of a coaxial 
line, D1 is the outer diameter of the in¬ 
ner tubing, and D2 is the inner diame¬ 
ter of the outer tubing (see fig. 6B). 
For an impedance of 61,2 ohms, the 
ratio of D2/ D1 is approximately 2.78:1. 
A suitable coaxial transmission line 


can be made using hobby shop brass 
or copper tubing. 13 Half-inch house¬ 
hold plumbing uses copper tubing that 
has an approximate inside diameter of 
0.532 inches. Therefore, a 3/16-inch 
outside diameter tube, such as you'll 
find in hobby shops, would make a 
good match for the inside tube in this 
particular application. 

Yet another transformer matching 
scheme — the "non-synchronous" 
transformer — is an outgrowth of the 
work of Frank Reiger, OD5CG 14151617 
offering similar matching properties. 
Figure 6C shows a particularly fine 
example of this kind of transformer 
using two lengths of coax of the same 
impedance as that to be matched but 
inverted. No longer is there a need for 
an "oddball" line impedance. The 
overall length is 0.1628 wavelengths, 
which is 35 percent shorter than an 
equivalent quarter-wave transformer. 

Another trick is to parallel coax. For 
instance, if two identical pieces of coax 
are paralleled, the new impedance is 
half the individual value (fig. 6D). 
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fig. 7. Examples of coaxial type antenna tuners: (A) half-wavelength adjustable trans¬ 
former; (B) three eighths wavelength adjustable transformer; (C) three-eighths 
wavelength adjustable transformer using coaxial cable. 


Therefore, two quarter-wavelength 
pieces of 70-ohm coax in parallel 
would equal 35 ohms and could be 
used to match 25 ohms to a 50-ohm 
line. Likewise, two quarter-wavelength 
pieces of 50-ohm coax in parallel 
would have an impedance of 25 ohms 
and would be good for matching from 
50 to 12.5 ohms. 


variable impedance 
matchers 

Some of the matching techniques 
just described are fine, especially when 
the impedances to be matched are 
resistive. But what do you do when 
you want to impedance match to a 
reactive load? The answer is that you 
need some sort of antenna tuner. 


At VHF/UHF/SHF frequencies this 
doesn't have to be the coil and vari¬ 
able capacitor type typically used at hf. 
Instead, you can build a very simple 
tuner using a section of coaxial line 
with a few small variable capacitors 
properly spaced along the line and 
shunted to ground. 

Figure 7 shows some recommend¬ 
ed types of coaxial line impedance 
matchers. The first, fig. 7A, is the 
most complex. 18 Basically speaking, a 
half wavelength of 50-ohm line is con¬ 
structed in a trough, enclosure, or 
even in a microstrip line. Four variable 
capacitors are shunted to ground along 
the line at specific wavelength intervals 
as shown. Figure 7B shows a slight¬ 
ly simpler three-eighths wavelength 
matching scheme that probably has a 
little less tuning range. 19 

Figure 7{C) shows another scheme 
developed by one of my former col¬ 
leagues, Dick Thurston. It originally 
used standard coax cable, so it has 
slightly higher loss than the schemes 
just described, but it's inexpensive and 
easy to construct. If standard coax is 
used, the line sections must also be 
shortened because of the dielectric 
constant of the line. At lower frequen¬ 
cies the coax can be coiled up. Thus 
a very compact, inexpensive impe¬ 
dance-matching transformer is possible. 

The typical maximum capacitance 
required for the tuners shown in fig. 
7 can be determined empirically or by 
using equation 4 below: 

C m ax = 9,000/f eqn. 4 

Where C max is in pF and f is in MHz. 
For example, 60 pF and 20 pF are typi¬ 
cal maximum values for 144 and 432 
MHz, respectively. In any case, the 
minimum capacitance should be no 
greater than 10 percent of C max or 6 
and 2 pF, respectively. 

In all of these coaxial type tuners, 
the capacitors must be physically 
small, have low inductance, and have 
very short leads. Mica compression 
trimmers similar to the types used in 
transistor power amplifiers are quite 
suitable. Air variables such as the E. 
F. Johnson type "U" or piston trim- 
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mers made by Johanson and others 
are excellent for low-power applica¬ 
tions, especially at UIHF frequencies. 

On 220 MHz, I have a cathode- 
driven final that has a moderate input 
VSWR. Normally this wouldn't require 
any attention, but my solid-state driver 
doesn't care for the input mismatch. 
Hence a tuner similar to the one in fig. 
7C is now used with three 4- to 40-pF 
mica compression trimmers and two 
pieces of RG-58A/U coax, each 6-1 !2 
inches long. This tuner now provides 
a good input VSWR to my final. 

All that's necessary to adjust this 
kind of tuner is to connect it in the line 
with a VSWR bridge (fig. 8A). First set 
all capacitors at minimum capacitance. 
Then tune one capacitor at a time, 
starting with the one closest to the 
load, alternating combinations until a 
satisfactory match is obtained. It prob¬ 
ably takes less time to do than explain 
it! 

One final thought on coaxial tuners. 
As I pointed out earlier, additional mis¬ 
match loss will be incurred if a trans¬ 
mission line has even a moderate (2:1 
or higher) VSWR. However, if a tuner 
is placed close to or at the load instead 
of the source, the mismatch loss may 
be entirely eliminated — a double 
bonus! 

UHF/SHF tuners 

When you go higher in frequency, 
capacitors become inductive; conse¬ 
quently, the tuners mentioned above 
are probably usable only to about 1.3 
GHz, provided that care is taken to 
select a good capacitor type. Above 1 
GHz, impedance matching is often ac¬ 
complished using variable shorted (or 
open) stubs, "line stretchers," and 
dielectric slug tuners. 

Figure 9A shows the simplest type 
of stub tuner, usually fitted with a con¬ 
nector so that it can be easily inserted 
into a coaxial line, perhaps via a "T" 
fitting. If the stub won't decrease the 
VSWR sufficiently, a line stretcher 
(fig. 9B) may be inserted between the 
load and the stub so that the distance 
of the stub tuner from the load can be 
varied (fig. 90. 

Another common type of imped¬ 
ance matcher is the double-stub tuner 
(fig. 9D), which consists of two 


variable-length shorted (or open) stubs 
typically adjustable up to one-half 
wavelength and separated by the dis¬ 
tance, D, one-eighth to three-eighths 
of a wavelength at the operating fre¬ 
quency. Double-stub tuners can match 
impedances only over a limited fre¬ 
quency range. 

The triple-stub tuner shown in fig. 
9E is more complex to use because 
it has more independent variables than 
the double-stub tuner. However, it 
will virtually match any impedance 
to any other impedance. It has one 
major drawback in that some settings 
will incur very high losses, so use it 
accordingly. 

Stub tuners are in wide use, partic¬ 
ularly where a quick impedance match 
is desired until a final circuit can be 
configured. However, most stub tuners 
employ some type of mechanical short 
circuit. This short sometimes increases 
insertion loss or causes intermittents 
due to high circulating currents, espe¬ 
cially after extended tuner use. The 
construction of a suitable double-stub 
tuner is described in reference 20. Both 
double and triple stub tuners are man¬ 
ufactured by many companies, so they 
often turn up at flea markets. 

Because of the mechanical prob¬ 
lems associated with stub tuners as 
just described, dielectric slug tuners 
are sometimes used. A typical slug 
tuner is shown in fig. 9F. It usually 
consists of a 50-ohm air-type transmis¬ 
sion line with electrical quarter-wave¬ 
length pieces of low-loss dielectric 
(such as PTFE/Teflon RTM) or metal 
slugs (covered with a low-loss insulat¬ 
ing dielectric) placed along the line. 
Slug tuners don't have the tuning 
range of a stub tuner, but they will fit 
most applications and are usually 
easier to construct and use. Some 
recommended construction tech¬ 


niques for slug tuners are described 
in reference 21. 

A variation on the slug tuner is the 
"multi-screw" tuner, which may be 
used in coax (fig. 9G) but is especial¬ 
ly useful in waveguide (fig. 9H). It 
works on the same principle of opera¬ 
tion as the coaxial tuner. The greater 
the number of screws available, the 
greater the tuning range. Brass or 
silver-plated screws are recommend¬ 
ed, with appropriate nuts soldered to 
the housing for low-impedance, low- 
loss rf contacts. Some recommended 
construction techniques are described 
in reference 22. 

Most of you are probably familiar 
with microstrip transmission lines 
which are very popular, especially 
above 1 GHz. Microstrip is often used 
where impedance matching is requir¬ 
ed. The quarter-wavelength transform¬ 
er (fig. 10A) or shorted and open stubs 
(fig. 10B) are easily implemented. 
Microstrip is great for production 
equipment. However, it does require 
a thorough knowledge of the circuit 
elements and much tweaking with ex¬ 
pensive test equipment before opti¬ 
mum performance can be achieved. 

This explains the recent popularity 
— particularly above 2 GHz — of what 
I call the "empirical matching tuner." 
Figure 10C shows a typical configu¬ 
ration. A 50-ohm microstrip transmis¬ 
sion line perhaps one-half wavelength 
long is etched on the pc board either 
ahead of or behind the device to be 
matched. Then thin narrow strips (0.1 
to 0.5 inches wide) of brass or copper 
shim stock perhaps 0.05 to 0.25 wave¬ 
length long are slid along the line until 
an optimum match occurs. 

When using this empirical tech¬ 
nique, sometimes the size and/or 
shape of the metal strip has to be 
altered many times. Often more than 
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one strip is required. These "tuners" 
can be slid along the main line with a 
small-diameter insulated material such 
as a wooden dowel from a cotton 
swab. When the optimum spot is lo¬ 
cated on the line, the strips are solder¬ 
ed in place and perhaps glued to the 
pc board so that they won't move. 
This approach is simple and inexpen¬ 
sive and can be quite effective, 

wideband matching 
techniques 

So far I've mentioned mostly nar¬ 
rowband matching techniques, since 
they're usually all that Amateurs need. 
Most wideband techniques require 
more hardware, several matching sec¬ 
tions in cascade (rather than a single 
section, as previously discussed) and 
often have higher insertion loss. 

Other wideband techniques involve 
the use of hybrid couplers, ferrite isola¬ 
tors, and circulators, but these usually 
aren't necessary in Amateur applica¬ 
tions and are therefore beyond the 
scope of this month's column. For 
those interested, I'd recommend refer¬ 
ences 23 and 24 for some wideband 
impedance-matching transformers. 

antenna impedance 
matching 

By now you're probably wondering 
why I haven't covered any information 
directly related to antennas. The sub¬ 
ject of antenna matching has been ad¬ 
dressed many times in the literature. 
References 13 and 26 describe not only 
recommended techniques but also 
typical test equipment. 

Basically, matching an antenna is 
largely a matter of setting up a meas¬ 
urement system similar to the setup in 
fig. 8. Then the length, spacings, and 
diameters of the driven element and 
matching section are adjusted until an 
optimum impedance match is obtain¬ 
ed. If you have any specific questions 
about antenna impedance-matching 
techniques, let me know and they can 
be covered in a future column. 

summary 

The subject of impedance-matching 
techniques has been widely addressed 
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in Amateur literature. New techniques 
— some simple, some complex — are 
constantly being presented. The 
material presented in this month's 
column reflects a summary of some of 
the information that should be most 
useful for Amateurs, especially those 
interested in the VHF/UHF/SHF fre¬ 
quencies. I hope I've described some 
new or interesting technique that will 
be of help to newcomers and old- 
timers alike. 
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new records 

Just as I completed this column, an 
important milestone in radio propaga¬ 
tion occurred: the first two-way con¬ 
tact via sporadic E propagation on the 
135-cm (220 MHz) Amateur band. As 
I've mentioned before, this has been 
a big plum, with at least two prior one- 
ways. (Yes, I was on one end of one 
of them!) 

All that changed during the June 
ARRL VHF QSO Party, when sporad¬ 
ic E propagation was super on 6 and 
2 meters in the southern portions of 
the United States. Finally, after a few 
unsuccessful attempts, on June 14, 
1987, Bill Duval, K5UGM, of Irving, 
Texas (EM12MS) completed a two-way 
contact with John Moore, W5HUG/4, 
of Orange Park, Florida (EM90GC), on 
220.1 MHz — for a record 932 miles 
(1499 km). Both CW and SSB were 
used, and signals were much greater 
than S9. Congratulations to Bill and 
John. Another Amateur Radio propa¬ 
gation first! Now that it's been done, 
let's see how long it takes to do it 
again! 

During this same contest, apparent 
double-hop sporadic E contacts took 
place on 2 meters. However, some of 
them that have been reported to me 
so far either were short of the present 
North American record (1891 miles or 
3043 km) or were incomplete contacts. 

I would particularly like to hear from 
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fig. 10. Examples of typical microstrip 
matching techniques: (A) series quarter- 
wavelength transformer; (BJ series and 
shunt stubs; (C) empirical matching 
tuner. 


anyone who can better the existing 
record. 

important VHF/UHF events: 


October 3-4 

International Region 7 
UHF/SHF Contest 70 cm 
and up 

October 4 

EME perigee 

October 9 

Predicted peak of the 
Draconids meteor shower 
at 0900 urc 

October 10-11 

Mid Atlantic States VHF 
Conference Warminster, 
Pennsylvania (Contact 
WA20MY) 

October 17-18 

ARRL EME Contest, first 
weekend 

October 21 

Predicted peak of the 
Orionids meteor shower at 
0830 UTC 

October 30 

EME perigee 

November 3 

Predicted peak of the 
Taurids meteor shower at 
2200 UTC 

November 3 

Predicted peak of the Cas- 
siopids meteor shower at 
2700 UTC 


RF 

TRANSISTORS 



2-30 MHz 12V (* 

28V) 


P'N 


Rating 

Net Ea 

Match Pr. 

MRF421 

O 

100W 

$24.00 

$53.00 

MRF422* 


150W 

38.00 

8200 

MRF433 


12.5W 

11.00 

26.00 

MRF449, A 

O 

30W 

12.50 

30.00 

MRF450, A 

G 

SOW 

14.00 

31.00 

MRF453./A 

Q 

60W 

15.00 

35.00 

MRF454.A 

G 

80W 

15.00 

34.00 

MRF455,/A 

Q 

60W 

12.00 

28.00 

MRF485* 


15W 

6.00 

16.00 

MRF492 

G 

90W 

16.75 

37.50 

MRF492A 

O 

90W 

19.75 

43.50 

SRF2072 

G 

6SW 

13.50 

31.00 

SRF3662 

G 

now 

25.00 

54.00 

SRF3775 

O 

75W 

13.50 

31.00 

SRF3795 

O 

90W 

1600 

3700 

3800 

G 

100W 

18.75 

41.00 

2SC2290 

G 

SOW 

19.75 

45.50 

2SC2879 

G 

100W 

25.00 

54.00 


Q Selected High Gain Matched Quads Available 


VHF UHF TRANSISTORS 



Rating 

MHz 

Net Ea. 

Match Pr 

MRF237 

4W 

136-174 

2.70 

— 

MRF240, A 

40W 

136-174 

15.00 

35.00 

MRF245 

SOW 

136-174 

30.00 

6800 

MRF247 

75W 

136-174 

27.00 

63 00 

MRF248 

SOW 

136-174 

33.00 

71.00 

MRF641 

15W 

407-512 

20.00 

46.00 

MRF644 

25W 

407-512 

24.00 

54.00 

MRF646 

40W 

407-512 

26.50 

59.00 

MRF648 

60W 

407-512 

31.00 

69.00 

2N6080 

4W 

136-174 

6.25 

«— 

2N6081 

15W 

136-174 

8.00 

— 

2N6082 

25W 

136-174 

9.50 

— 

2N6083 

30W 

136-174 

9.75 

24 00 

2N6084 

40W 

136-174 

13.00 

31 00 


PARTIAL LISTING OFMISC. TRANSISTORS 


MRF134 

$16.00 

MRF497 

$14.25 

MRF136 

21.00 

MRF515 

2.50 

MRF137 

24.00 

MRF607 

2 50 

MRF138 

3500 

MRF630 

4 25 

MRF140 

87.50 

MRF754 

15.00 

MRF148 

34 00 

MRF843.F 

22.50 

MRF150 

87.50 

MRF846 

43.50 

MRF171 

34.50 

MRF873 

24 50 

MRF172 

62.00 

MRF1946.A 

15.00 

MRF174 

80.00 

CD2545 

16.00 

MRF208 

11.50 

2N1522 

11.95 

MRF212 

18.00 

2N3553 

7.25 

MRF221 

11.00 

2N3771 

3.50 

MRF224 

13.50 

2N3866 

1.25 

MRF226 

14 50 

2N4048 

11.95 

MRF238 

13.00 

2N4427 

1.25 

MRF239 

15.00 

2N5589 

7.25 

MRF260 

7.00 

2N5590 

10.00 

MRF261 

8.00 

2N5591 

13.SO 

MRF262 

9.00 

2N5641 

9.50 

MRF264 

13.00 

2N5642 

13.75 

MRF309 

29.75 

2N5643 

15.00 

MRF317 

56.00 

2N5646 

13.00 

MRF406 

12.00 

2N5945 

10.00 

MRF458 

20.00 

2N5946 

13.00 

MRF475 

3.00 

2N6255 

2.50 

MRF476 

2.75 

OUTPUT MODULES 

MRF477 

12.00 

SAU4 

55.00 

MRF479 

10.00 

SAV6 

48.00 

MRF492A 

19.00 

SAV7 

48.00 

40582 

7.50 

M57712, M577337 use 

NE41137 

2.50 

M57737, SC1019 SAV7 

We stock RF Power transistors tor Atlas, KLM, Collins, 


Vaesu, Kenwood, Cubic, Mirage, Motorola, Regency, 
Heathkit, Drake, TWC, Wilson, GE, etc. 

Cross-referenceon CD, PT, SD, SRF, JO, and 2SC P/Ns. 

Orders received by 1 PM are shipped UPS same day. 
Minimum order twenty dollars. COD VISA/MC 
Foreign Orders Accepted 

Call: (619) 744-0728 

FAX: (619) 744-1943 

WiitM 


RF PARIS 

1320 Grand Avenue 
San Marcos CA 92069 
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November 14 15 ARRL EME Contest , sec¬ 
ond weekend 

November 17 Predicted peak of the 

Leonids meteor shower at 

moo utc 

November 24 EME perigee 
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This is the first "QRO?" column, 
a collection of notes and anecdotes 
concerning ALPHA amplifiers, 
ETO, and RF power in general. We 
plan to print QRO? irregularly— 
whenever we think we have some¬ 
thing of interest. 

QRO? as you probably know, 
means.'Shall I increase power?" 
Some of our staff prefer the name 
"Power Lines" for this new column. 
If you’ll help us settle the issue 
by dropping me a note before 
November 1 with your vote and the 
name of the magazine where you 
read this, well send you an ETO 
keychain as a token of our appreci¬ 
ation. (It may take a month or two, 
so please be patient.) Meanwhile, 
keep an eye out for QRO? (or 
Power Lines") opposite ETO’s 
regular ad. 

Where have we been? 

You may have wondered why 
ETO's monthly ad disappeared 
abruptly from the ham magazines in 
mid 1983. Well, at Dayton that 
year, representatives of one of 
the world’s largest electronics com¬ 
panies saw our ALPHA 85 micro¬ 
processor-controlled RF linear 
amplifier (since superseded by 
the forthcoming ALPHA 88) and 
recognized the applicability of its 
basic technology to an imminent 
requirement of theirs. 

The upshot is that ETO is now 
the principal supplier world-wide 
of the RF power amplifiers used 
in high field magnetic resonance 
imaging (MRI) systems. These 
sophisticated linear amplifiers typi¬ 
cally deliver 15+ kW and cover 
10-87 MHz automatically under 
remote computer control. 

The incredibly complex medi¬ 
cal diagnostic MRI systems in which 
our amplifiers are used can peer 
into the living human body and 
display images of the brain, spinal 
column—even the beating heart— 
with clarity and detail that rivals the 
illustrations in med school anatomy 
texts. Suffice to say for now, the 
opportunity to become involved in 
MRI was something ETO couldn’t 
pass up. and we spent three years 
totally immersed in that challenge. 

Today’s ETiO is a different 
company. 

Were five times bigger than 
we were in 1983. A new building 
tripling our floor space was added 
in 1985. In the ETO tradition of 
investing heavily in new technol¬ 
ogy, our engineering group (mostly 


hams) has grown five-fold. We may 
even have a ham station on the 
air by the time you read this! 



Meet our Technical Director. 

Last year, Don Fowler (W1GRV. 
ex-W4YET/K6YXC) joined ETO as 
director of all technical activities 
including engineering, quality, and 
manufacturing. Those with long 
memories will remember Don as 
the young chief engineer of Signal/ 
One, responsible for the original 
CX7 transceiver back in 1968-69. 
That design nearly two decades 
ago introduced a bevy of new tech¬ 
niques and features that since have 
become de rigueur in virtually all 
up-scale amateur transceivers. 

Don spent the intervening 
years in increasingly responsible 
engineering management jobs with 
GenRad, Narco Scientific, and 
Sensormatic. There is absolutely no 
one I would rather have in charge 
of technological progress at ETO, 
and our new products will dem¬ 
onstrate why. 

For now, please take a close 
look at the ALPHA 86 and all the 
truly new features and capabilities 
it incorporates. The ’86 is FCC type 
accepted and shipments should be 
going out the door by the time you 
read this. Why not give us a call 
so we can send you a detailed 
brochure? Better yet, order now 
for earliest delivery of your new 
ALPHA 86! 

73, 
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return of the 

360-degree propagation 

prediction 


Improved coding 
combines 24-hour MUF 
and point-to-point 

programs 

My February, 1987, article, "360-degree MINIMUF 
Propagation Prediction" 1 described a computer pro¬ 
gram for producing a 360-degree propagation predic¬ 
tion for any stated hour of the day. That article 
generated considerable interest in the program; un¬ 
fortunately, there was a fault in the program for loca¬ 
tions other than North Carolina, and that fault brought 
lots of mail from those interested in using the program 
but mystified as to why it would crash at the 180- 
degree computation of their latitude/longitude. 

Several Alaskan hams, particularly AL7HU, discov¬ 
ered a problem in the computation of the longitude 
at zero bearing in that northern latitude, and others 
(WA1WPJ, VK1BGG, and Glenn Skaggs of the Naval 
Research Laboratories in Washington, DC) explained 
an apparent anomaly at certain MUF computations in 
southerly directions. 

The main problem was the syntax error that occurs 
when you try to compute the latitude and longitude 
at the 180-degree bearing. I knew that the equations 
don't permit computations along the line of equal lon¬ 
gitude, and therefore included an IF statement to make 
the 180-degree bearing "your home longitude + . 1 ". 
That statement was useless. Interestingly enough, 
however, the problem doesn't occur for all lati¬ 
tude/longitude computations. The quick fix was to in¬ 
sert two additional lines: 

105 IF H = 180 THEN H = 182 

106 IF H = 192 THEN H = 190 


I While that addition made the program work, the cause 
of the problem was still in question. 

I added a temporary line to the program asking for 
the printout of the "Y" computation of line 180 {see 
table 1 of the original article). The test was done using 
the latitude/longitude for Lodi, California, the QTH of 
WA6FKM, one of several readers having trouble with 
the program. 

As the bearing approaches 180 degrees, the com¬ 
putation for Y approaches 1. At 180 degrees the value 
of Y is 1.00000599. The next line, 190, computes the 
longitude and has a term using 1-Y*Y. When Y is 
greater than 1, a negative term results and the com¬ 
puter can't take the square root of a negative num¬ 
ber, so that produces the syntax error. A better way 
of handling the problem is to delete lines 105 and 106 
and insert the following statement instead. 

185 IF ABS(Y) = > 1-1E-9 THEN Y = .999999 
This will always work! If line 185 is added, then lines 
105, 106, and 205 through 207 may be omitted. 

The problem occurring at the high latitudes is that 
the zero-bearing 4000-km distance from Anchorage, 
Alaska, for example, is over the North Pole and down 
on the other side of the world. An IF statement at line 
200 says: 

IF H = 0 THEN PRINT # . . . "HOME LONG. 

Thus, the actual distance by a calculator is 2161 km. 
When I eliminated the HOME LONG. + .1 statement 
and let the computer do its own thing, I discovered 
that it computed and printed the correct answer. So 
lines 199 through 201 should be deleted. 

The anomaly of the lower MUFs at certain south¬ 
ern bearings was explained by the fact that the 
MINIMUF program goes into a two-hop mode at 
ranges slightly greater than 4000 km. In my program 

By Henry Elwell, N4UH, Route 2, Box 20G, 
Cleveland, North Carolina 27013 



October 1987 


41 




it's attributable to a lack of precision (only one deci¬ 
mal point) in the results of the latitude/longitude pro¬ 
gram generation of the 4000~km periphery. Also, the 
4000-km periphery for the first hop isn't practical for 
all stations because it's based on a vertical propaga¬ 
tion angle of about 5 degrees or less. It's very practi¬ 
cal for those with antennas producing such low angles 
of vertical radiation. 

However, the average ham with, say, a tribander 
at 60 feet, has a takeoff angle of about 12 degrees on 
20 mete s. Thus a first-hop distance would be no more 
than 3000 km, depending upon the reflection height 
of the ionosphere. Figure 1 shows the relation of one- 
hop takeoff angles vs. range and ionosphere height. 
Using the 3000-km first-hop great circle periphery re¬ 
quires substituting the following lines for lines 110 and 
180: 

110 L2 = .0022617638*cos(L1*.01745) 

*cos{H*.01745) + (-.9999974422)*sin(L1*.01745) 

180 Y = (-.9999974422)-(sinL1*.01745* [same as 
original to its end) 

Any other distance may be used and the sin and cos 
values of D/60 substituted, but remember that D is 
in nautical miles and is found from kilometers by divid¬ 
ing the km by 1.852. Of course, if you want to reach 
way out, leave the 4000-km computation as is. 

combining programs 

In my original article I said that it should be easy 
to combine the point-to-point prediction with the 
360-degree prediction because both methods employ 
the basic MINIMUF program. Because I'd found that 
at times I wanted to know the 24-hour prediction from 
North Carolina to somewhere else while I was still in 
the 360-degree program, I went ahead and combined 
the two. 

One of the first steps was to combine the lati¬ 
tude/longitude program with the main program; with 


only 10 to 11 lines required, it was an obvious thing 
to do. I often felt the need to use a different transmit¬ 
ter location than the one built into the program as 
DATA, and it was a nuisance to write it in for differ¬ 
ent locations all the time. 

The new program permits the user to select any 
first-hop distance. The program then sets up a lati¬ 
tude array and a longitude array, both of which are 
tied in with the bearing (heading). It's interesting to 
see how the MUF retreats as you decrease the length 
of the first hop to less than 4000 km. You can see how 
a range of 900 km, for example, would restrict you to 
the 40-meter band or lower if there were no other lay¬ 
ers, because the F2 layer doesn't support higher fre¬ 
quency transmissions for those distances under all 
circumstances. Note that the MINIMUF program is 
based only on the F2 layer. 

This would be a good place to mention some of the 
factors upon which the MINIMUF program is based, 
as detailed in the technical report (TR-186) referenced 
by K6GKU in his article in QST, 2 which Glenn Skaggs 
duplicated and sent to me. 

The MUF is principally controlled by the critical fre¬ 
quency of the F2 layer of the ionosphere. The critical 
frequency is that frequency which will be reflected 
from the ionosphere when a signal is transmitted ver¬ 
tically. Unlike propagation from the E and FI layers, 
which can be modeled as a function of the angle of 
the sun from the zenith, F2 propagation prediction is 
more complex. The F2 layer has diurnal (day/night), 
seasonal, and geographical variations. It also has so- 
called anomalies: the MUF can be higher in midday 
in winter than in summer, although in the Northern 
Hemisphere the summer sun is further north and sug¬ 
gests higher ionization; also, the MUF can peak in the 
late afternoon rather than at midday on certain days. 

Figure 2 shows the E-layer 2000-km MUF in 
megacycles for a particular day. The horizontal scale 
is local time, and the vertical scale is latitude. Note 
that for your latitude, the MUF starts out very low, 
peaks at noontime, and decreases as the day con¬ 
tinues. Thus, you can predict E-layer MUF by the angle 
of the sun from its zenith. TR-186 says let's start from 
there, using the zenith angle as a forcing function to 
"drive" a semi-empirical model; well use a single-lag 
linear system such as an RC circuit as the model. Al¬ 
lowing the lag time constant to be long (about ten 
hours in the summer) and short (one hour in winter) 
at middle and equatorial latitudes, one could then at 
least partially reproduce both the seasonal and diur¬ 
nal anomalies. The lag time constant during the day 
is a function of the midday solar zenith angle. The time 
constant at night is two hours, regardless of season 
or geographical location. 

All this adds up to an equation which the authors 
of the article called the ionosphere as foF2: 
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where: R = sunspot number, cosX e tf is the cos of the 
effective solar zenith angle, and Ro, Ao and A1 are 
constants independent of geographic location and 
time. 

Of course the technical report includes pages of 
equations for calculating those seemingly simple sym¬ 
bols which consider sunsets, sunrise, relaxation time, 
daytime duration, calculations of local noon, sunrise 
and sunset times, and the noon value of the solar ze¬ 
nith angle. Then we have to compute control points 
and two-hop paths if a 4000-km distance is exceed¬ 
ed. There's an M-factor that considers the ionosphere 
height of 290 km (which must change from winter to 
summer) and includes a factor for transequatorial 
paths, which increases MUF, a factor regarding in¬ 
creases in F2 layer heights observed at high northern 
latitudes during the summer, and others. 

I chose MINIMUF 3.5 for the 360-degree propaga¬ 
tion prediction because compared with advanced pro¬ 
grams of its kind, it's very simple. I recommend that 
those who have more advanced prediction programs 
substitute them for MICROMUF 3.5. The subroutine 
for the MICROMUF program goes from line 1140 to 
2060. When I first considered doing this revision, I 
thought a complete renumbering of the program 
would be neater and more desirable; however, recall¬ 
ing previous efforts, I decided to leave the numbering 
as it appeared in the orginal article for the benefit of 
others who may want to update their copies of the 
program. 

I've eliminated a lot of unnecessary material in the 
new program. It starts out with a menu that asks 
whether you want a 360-degree or a point-to-point pre- 


LOW 25 mA Current Drain. 

Miniature size * Lightweight NEW SOFTWARE FEATURE: 

Rugged metal, shielded case. iNTELllGEN l 'BUOLiST" - Provides 
Lithium Battery backup for RAM. selective callsign tillering lor 
Onboard Watchdog for reliability. Digipeating, Monitoring and Connecting 
Standard DB25 Connectors. 

“Connected” Status output line 
Remote Commands in Unattended Mode 

with Hardware Lockout. Wirod/Tested 

Retains all other PK*1 features. List price —$209.9$ 

Extra I/O lines for special applications. Amateur not $179.95 


Power requirement: 9 to 15 Volts DC &Y 25 mA typical 
Dimensions: 4.6 X 5.9 X 10 inches Total Weight; 12 tWS 
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Contact GIB lot additional into and available option& 

Ww> otter a complete line ot transmitters and receivers, strip*, preselector preamps, 
CWlO'ets A synthesisers tor amateur A commercial use 
Request our FREE catalog MC A Visa welcome 


GIB ELECTRONICS, INC. 

151 Commerce Pkwy., Buffalo, NY 14224 716-675-6714Q 9 to 4 



Model DELTA-4 

Lightning Surge Protected 
4 Position Coax Switch 


Superior RF switching and equip¬ 
ment protection for Amateur ; commercial and military 
communications stations. * Exclusive “center-off’ ground 
position internally disconnects and grounds all antenna 
circuits for maximum protection when operator is away 
from the station.' Incorporates the famous Alpha Delta 
replaceable ARC-PLUG cartridge for active antenna pro¬ 
tection while grounding other 3 antenna positions. An 
Alpha Delta FIRST! * Features custom designed cast alu¬ 
minum housing with constant impedance micro-strip cavity 
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HOUR = 10Z DAY = 6 MONTH=JUN SF= 74 
35.75 DEG 80.75 DEG 1ST HOP= 4000 KM 


BEARING 

MUF 

BEARING 

MUF 

0 

14.9 

180 

11.1 

10 

15.4 

190 

11.1 

20 

15.5 

200 

11,2 

30 

15.6 

210 

11.3 

40 

15.2 

220 

11.5 

50* 

14.7 

230 

11.7 

60 

17.7 

240 

11.9 

70 

17.0 

250 

12.1 

80 

16.3 

260 

12.3 

90 

15.6 

270 

12.6 

100 

14.9 

280 

12.8 

110 

14.3 

290 

13.2 

120 

13.7 

300 

13.7 

130 

13.1 

310 

11.5 

140 

12.5 

320 

12 

150 

11.9 

330 

13 

160 

11.2 

340 

14.5 

170 

11,1 

350 

14.5 


PRESS P PRINT:G QUIT:T TRY AGAIN 


*Note: the approximate 50-degree 1000 UTC MUF is slightly higher 
as a one-hop prediction than the 1000 UTC MUF to England be¬ 
cause of the greater number of hops needed 


DATErDAY 6 MONTH JUN 
TRANSMITTER LOCATION: 

LATITUDE 35.75 LONGITUDE 8075 
RECEIVER LOCATION: 

LATITUDE 52 LONGITUDE 1 
DISTANCE = 6298 KM 
SUNSPOT NUMBER = 13 


HOUR 

MUF 

HOUR 

MUF 

0 

15.5 

12 

16.1 

1 

14.4 

13 

16.8 

2 

13 

14 

17,5 

3 

11.8 

15 

18 

4 

11.7 

16 

18.4 

5 

11.7 

17 

18.7 

6 

11.1 

18 

18,5 

7 

11 

19 

18.3 

8 

11 

20 

18 

9 

12.7 

21 

17.6 

10* 

14 

22 

17.1 

11 

15.1 

23 

16.4 


PRESS P PRINT: Q QUIT: T TRY AGAIN 


fig. 3. Compare (A), the 360-degree propagation values, to IB), the predicted point-to-point conditions to England over 
the same period of time as shown in (A). 


diction. It also displays a note stating that MUFs will 
be lower if the WWV K-factor is greater than 1, Most 
predictions, including MINIMUF, ignore the geomag¬ 
netic field activity (K>1). 

If you select a 360-degree prediction, you're asked 
whether you want your home coordinates. If so, you 
get them — provided, of course, that you've put them 
into line 41; mine are there now. If you want some 
other QTH, you're asked for that latitude and longi¬ 
tude; this is a good feature because you may want to 
see what's happening somewhere else or give infor¬ 
mation to a friend. Of course, you're also asked for 
the month, day, solar flux number, and the hour. 

Once these decisions are made, the latitude/longi¬ 
tude computation takes place and is stored in mem¬ 
ory to be used if you want to make other runs. It takes 
about 30 seconds for the computer to set up the in¬ 
formation, but the screen tells you to wait. The screen 
also tells you to turn up the volume control of the mon¬ 
itor so you can be alerted by an automatic tone when 
the prediction is completed. You may then exit the 
program, run it again, or select a printout. If you want 
a prediction for another QTH, you must exit and start 
the program again so the new coordinates can be 
computed. 

If you select the point-to-point prediction mode, you 
have similar decisions to make and enter into the com¬ 
puter as it requests them. There's also a tone to indi¬ 


cate completion of the prediction, but no notice of it 
beforehand, as in the 360-degree prediction. 

In projects such as this, you reach the point at which 
you have to say "Enough!" and leave further develop¬ 
ment up to users; such is the case of a polar coordi¬ 
nate display, which is much more realistic than the 
same data presented in tabular form. WA1WPJ has 
devised a nice polar display for the C-128 and has 
offered to correspond with others who'd like more in¬ 
formation; I appreciate his willingness to share his 
talents. 

Figure 3 shows a comparison of the two printouts. 
The point-to-point prediction is from North Carolina 
to England, which has a bearing of approximately 50 
degrees. Compare the two printouts for a time of 10Z, 
the time used for the 360-degree prediction, and you'll 
see that the one-hop MUF of the 360-degree predic¬ 
tion is 14.7 MHz, while the point-to-point prediction 
is 14 MHz. This difference is attributable to the fact 
that a two-hop mode is being used in the prediction, 
which lowers the MUF slightly when distances great¬ 
er than 4000 km are used. 

For those who wish to substitute another predic¬ 
tion in place of the MINIMUF 3.5 lines 1140 to 2060, 
an entrance and exit line has been inserted to change 
the transmitter latitude/longitude to radians and then 
back to degrees to facilitate printing degrees on the 
screen. There's also a short subroutine (lines 2640 to 
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The "Flying Horse" 
sets the standards 

Continuing a 67 year tradition, wc bring 
you three new Callbooks for 1988. 

The North American Callbook lists the calls, 
names, and address information for 478,000 
licensed radio amateurs in ali countries of 
North America, from Canada to Panama 
Including Greenland, Bermuda, and the 
Caribbean islands plus Hawaii and the 
U.S. possessions. 

The International Callbook lists 481,000 
licensed radio amateurs in countries outside 
North America. Its coverage Includes South 
America, Europe, Africa, Asia, and the 
Pacific area (exclusive of Hawaii and the 
U.S. possessions). 

The 1988 Callbook Supplement is a new idea 
In Callbook updates, listing the activity In 
both the North American and international 
Callbooks. Published June 1, 1988, this 
Supplement will include thousands of new 
licenses, address changes, and call sign 
changes for the preceding 6 months. 

The 1988 Callbooks will be published 
December 1, 198 7. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 
inch shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

a International Callbook 
incl. shipping within USA $30.00 

incl. shipping to foreign countries 32.00 

D Callbook Supplement, published June 1st 
Incl. shipping within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

D Both N»A, & international Callbooks 
incl. shipping within USA $55.00 

incl. shipping to foreign countries 60.00 


Illinois residents please add 6V?% tax. 
All payments must be in U.S. funds. 


RADIO AMATEUR 


«11L 

C3llP 


926 Sherwood Dr., Box 24 7 
Lake Bluf f, I L 60044, USA 


fig. 4. N4UH program provides MINI MU F 3.5 propagation predictions for any hour and 
point-to-point predictions for 24-hour periods. 


1 REM THIS PROGRAM PROVIDES A MININUF PROPAGATION PREDICTION FOR 360 DEGREES 

2 REM FOR A SPECIFIED TIME FROM 0 TO 23 HOURS GMT AS WELL AS A PT~TO~PT PRED. 

4 REM IT HAS BEEN MODIFIED BY HENRY ELWELL N4UH TO DO THAT FROM AN EARLIER 

5 REM PROGRAM BY ALAN MEMLEY, KE6UY 

6 REM THE REVISED PROGRAM IS DATED 20 MAY 1907 
JO PRINT CHR*(I47> 

It A*-CHR* (17): REM CURSOR DOWN 

12 B**CHR*(18)iREM REVERSE ON 

13 C*»CHR* < 19> : REM HOME 

14 D**CHR*(29>;REM CURSOR RIGHT 

15 E*»CHR*(145> t REM CURSOR UP 

16 F»=CHR*(147):PRINTF*;REM CLEAR/HOME 

17 G*=CHR*(158):PRINTG*;REM CONTROL-YELLOW 

IQ H*» M ***********************************a***«*’ 

19 QC-0:QD=0;0G-0:G*O:R£M SEE LINE 4000 FOR EXPLANATION 

20 DIMM*(37)* A*(4),M(l2),H(40),L2(3AO),W2(360> 

21 DATA31«2B,31,30,31,30,31,31,30,31,30,31 

22 F0RX=* 1 TO 12: READM t X) s NEXT 

23 M*-“JANFE8MARAPRMAYJUNJULAUG5EP0CTNQVDEC" 

24 PRINTA*A*H* 

25 PRINT”* THIS PROGRAM USES MINIMUF 3.5 FOR «” 

26 PRINT”* TWO PROPAGATION PREDICTIONS; *” 

27 PRINT*** 1. FOR 360 DEGREES ANY GIVEN HOUR *” 

20 PRINT”* 2. FOR POINT-TO-POINT FOR 24 HOURS*** 

29 PRINT”* SELECT EITHER MODE BY PRESSING 1 OR 2*" 

30 PRINTA*H»A*A*"NOTEiMUF WILL BE LOWER AS WWV K INDEX EXCEEDS 1” 

31 GET I*;IF !*«"” THEN 31 

32 IF I*=**2” THEN QC*1:G0T035 

33 IF I»«"l" THEN G0T035 

34 GOTO 31 

35 : 

36 PR1NTA«A**‘USE HOME LAT/LONG (Y/N)'*”:!* 

37 GET I*s IF I* «* ”” THEN 37 

38 IF !•<> "Y" THEN G0T050 

40 OD * 1 ;REM USING HOME LAT/LONG 

41 L1 = 3S.75; W1 * BO.75 
50 : 

200 POKE 53280.14 
210 POKE 53281.6 
230 PRINT F» 

285 PI ** 3. 14159265 

290 R0-P1/180 

300 P1*2*P1 

310 R1“180/PI 

320 FO»PI/2 

330 PRINT F* 

337 IF QD = 1 THEN 343 

340 PRINTAS: INPUT"WHAT IS THE TX LAT ITUDE *SL1 

342 PR I NT A*: INPUT "WHAT IS THE TX LONGITUDE":W1 

343 PRINT:INPUT“DATE (DAY,MONTH!sD6,MO 

344 1FM0012THEN370 

350 PRINT "INVALID MONTH. MUST BE IN RANGE 1~12” 

360 GOT0347 

370 tFM(M0!-D6<0TH£N390 

375 J*»MID*(MS.3*MO-2.3)sREM PROVIDES A 3-LETTER ABBREVIATION FOR MONTH 
380 GOT0410 

390 PRINT "INVALID DAY" 

400 G0T0343 

410 PRINT;INPUT“SOLAR FLUX NUMBER;“:SF 

420 IFSF< 70THENPRINT"DQ NOT USE SF C 70**;60T0410 

425 IF OC«l THEN 60T0600:REM OC USED FOR PT-TO-PT. PREDICTION 

428 IFOG-1 THEN G0T0450 

430 PRINTA*iINPUT"GIVE DISTANCE TO 1ST HOP IN KM”;K 
440 NA«K/1.852s REM CONVERTS FROM KM TO NAUTICLA MILES 
450 PRINT;INPUT“WHAT GMT DESIRED: 0-23 HOURS ONLY “;TG 
460 IFTG>23THENPRINT"USE HOURS 0 TO 23 ONL Y"; GOTO450 
470 IFOG-I THEN G0T0540 

480 PRINT:PRINT“TURN UP AUDIO GAIN TO HEAR END OF RUN SIGNAL” 

490 PRINT"-WTHERE IS A 30 SECOND WAIT WHILE" 

495 PRINT"COMPILING THE"K "KM LAT/LONG INFO" 

300 FOR H-0T0350 STEP 10 

504 V«=SIN((NA/60)*R0> *CQS(LI«R0> *COS(H*R0> +C0S((NA/60)*RO> *SIN(L1*RO> 

508 L2-ATN (V/SGR (1-V*V> J *57. 2937795: REM LAT. OF DISTANT POINT 
510 L2(H)=L2;REM ARRAY FOR 4000 KM LATITUDE CIRCUMFERENCE 

512 0«<C0S((NA/60)«R0>-(SIN(L1«R0!«SIN(L2(H)«R0> > >/(COS(L1«R0>*C05(L2<H>*R0> > 

514 IF ABS(O)«>!-lE-9 THEN 0 * .999999 

516 W2»(PI/2-ATN(0/SQR(1-0*0)>>*57.296: REM S IS THE ARCOS CONVERSION TO DEGREES 
510 IF H“< 1 80 THENW2-- (W2-W1 > 

520 IF H> 100 THEN W2-W2+W1 

522 W2 <H)“W2:REM ARRAY FOR 4000 KM LONGITUDE CIRCUMFERENCE 
524 NEXT H 

540 S9- (SOR (. 52998-. 00356* (63.75-SF) >~.728> / . 00178 

550 S9“INT(S9> »REM SUNSPOT NUMBER 

552 IF QC-1 THEN G0SUB2640 

555 1FQC»1 THEN 700 

560 FOR H=0 TO 350 STEP lO 

570 IFG-1 GOT0950 

580 PRINTF*; PRINT A*"HOUR»"TG”Z DAY-"D6"MONTH* "J*‘* SF***SF 
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583 PR INTL1 “DEG" : W1 "DEG" : ” 1ST HOP 5 *” ; K"KM" 

590 PRINTTAB (4 > “BEARING” t TAB (15) "MUF":TAB<21) "BEARING"; TAB <33) "MUF" 

595 GOTO 950 

600 PR1NTA*:INPUT"RECEIVER LAT, L0NG";L2,W2 
602 IF L<~90 THEN 608 
604 IF L2>90 THEN 608 
606 GOTO 614 

608 PRINT"INVALID LATITUDE. MUST BE IN RANGE" 

610 PRINT"OF -90 TO 90 DEGREES" 

612 GOTO 600 

614 IF W2 < -360 THEN 620 
616 IF W2> 360 THEN 620 
618 G0T0540 

620 PRINT"INVALID LONGITUDE. MUST BE IN RANGE -360 TO 360" 

622 GOTO 600 

700 PRINTF*A*;"DATE:":"DAY"D6 ;"MONTH "J* 

710 PRINT" TRANSMITTER LOCATION:" 

720 PRINTTAB<7>"LATITUDE"*L1;TAB<22>:"LONGITUDE"tW1 
730 PRINT" RECEIVER LOCATION!" 

740 PRINTTAB<7>"LATITUDE":L2sTAB<22);"LONGITUDE" ; W2 
730 PRINT" DISTANCE »"DX*"KM" 

760 PRINT" SUNSPOT NUMBER - ";S9 
770 PRINT 

780 PRINTTAB<41"HOUR"*TAB<11)"MUF"STAB<21)"HOUR";TAB<28>"MUF 
945 IF QC«1 THEN GOTO 955 

950 T5**TGs GOTO 970 t REM HOLDS TIME CONSTANT FOR 360* PREDICTION 
955 FOR T5™ 0 TO 24 

960 IF T5>23 THENG0SUB3050*GOTO 2950 
970 G0SUB1140 
9B0 J9-J9810 
990 J9-INT<J9> 

1000 J9-J9/10 
1005 PRJNTE* 

lOtO IFQC-1ANDT5“12THENE-12?FORI-ITOElPRINTED?sNEXTIiPRINTTAB<21>T5;TAB<27>J9:NE 
XTT5 

1015 IFQC-1 AND T5> 12 THEN PRINT TAB<21)T5jTAB(27) J9:NEXT T5 

1020 PRINTE*:IFQC“1 THEN PRINTTAB <4 > T5; TAB < 10) 39*. NEXT T5 

1021 IFH=1S0THENE-1B:FORI«1TOE:PRINTE*;:NEXTI:PRINTTAB(22)H;TAB(32)J9:NEXTH 

1022 IFH>180THENPRINT TAB<22>H;TAB<32)J9:NEXT H 

1023 IFH-360 THENG0T01040 
1030 PRINT TAB <4)H;TAB<13)J9 

1040 IFH-360THEN G0SUB3050:PRINTB*"PRESS P-PRINT:Q-OUIT:T-TRY AGAIN":G0TD3000 

1041 NEXT H 

1049 IF QC=1 THENPRINT£»E*iPRINTTAB <21> T5;TAB <27> J9* GOTOIO&O 

1050 PRINTE*E*:PRINTTAB <21> H:TAB<27)J9 
1060 i 

1065 NEXT H 
t140 REM MINIMUF 3.5 
1141 Ll~LltRO:Wl»Wl*RO 

It45 !FOC-1THEN K7-SIN<L1>*SIN<L2«R0>+COS<L1> *COS<L2*R0)*COS<W2*R0-W1)sGOTOl160 
1150 K7“SIN <L1>SSIN <L2(H)*R0)+COS <L1> *COS <L2 <H)«R0> *COS<W2<H)*R0~W1) 

1160 IFK7->-1THEN1190 

1J 70 K7=-l 

1180 GOTOl210 

1190 IFK7<-1 THEN1210 

1200 K7«l 

1210 G1=-ATN<K7/SQR<-K7*K7+1>)>PI/2 

1220 K6-1.59*G1 

1230 IFK6>*» 1 THEN 1250 

1240 K6-1 

1250 K5«t/K6 

1260 J9®100 

1270 FORK 1* 1/<2*K6>TO1-1/<2*K6)STEPO.9999-1/K6 
1280 IFK5-1THEN1295 
1290 K5-0.5 ' 

1295 IF QC=1 THEN P=SIN<L2*R0):GOTOl305 
1300 P»SIN<L2(H)*R0> 

1305 IF QC=1 THEN Q-COS<L2*R0):GOTOl320 
1310 0=C0S<L2<H)*R0) 

1320 A*<SIN(L1>-P«COS<Gl))/<QtSlN<Gl)) 

1330 B*G1»K1 

1340 C*P*COS{B)*-Q*SIN(B)*A 

1350 D=<CQS<B)-C*P)/<0*S0R<1-C''2) ) 

1360 IFD> aa -l THEN l 390 
1370 D«-l 
1380 GOTO 1410 
1390 IFD<**ITHEN14lO 
1400 D=1 

1410 D--ATN(D/SQR<-D*D«-1)>+PI/2 

1415 IF QC=1THEN W0=W2*R0+SGN<SIN<W1-W2*R0))*DsGOTOl430 

1420 WO^WS (H>tRO+SGN <SIN <W1-W2<H)*R0))*D 

1430 IFWO**>OTHEN 1450 

1440 W0“W0+P1 

1450 IFW0<P1THEN1470 

1460 W0=W0-PI 

1470 I FC* K >~ 1 THEN 1500 

1480 C*=~l 

1490 GOTO1520 

1500 IFC<«1THEN1520 

1510 C-l 

1520 LO^PO— <-ATN(C/SOR <-C*C + l)> +PI/2) 

1530 Yl-0.0172* <10+<M0-1>*30.4 + D6) 

1540 Y2»0.409*C0S<Y1> 


- \ 

THE 1988 

' ARRL 

HANDBOOK 



NEW 

EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com¬ 
prehensive information for the 
radio amateur, engineer, tech¬ 
nician and student, Clothbound 
only. $21 in the U S.. $23 in Canada 
and elsewhere. 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN STREET 
NEWINGTON, CT 06111 
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WACOM 

DUPLEXERS 


WACOM 

PRODUCTS, INC 


RO. BOX 21145 

WACO. TEXAS 76702 - 817/848-4435 


CALL 
817/848-4435 


Our Exclusive Bandpass-Reject Duploxers 
With Our Patented 


B D B r CIRCUIT® FILTERS 


provide suporiof 
performance 
especially at close 
frequency separation 

Models available for 
all commercial and 
ham bands within the 
frequency range of 30 
to 960 MH 2 
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DOWN EAST MICROWAVE 



MICROWAVE ANTENNAS AND EQUIPMENT 

• Loop YaQla • Power D hrideta • Unur Ampllrtm • Complete 
An eye • MWrowtf* Tren*tNMl*m • OeAeFET Preempe 

• TROPO • EME • WeakSlpnet • OSCAR * 902 • 1288 • 1290 

• 2904 • 2400 • MSOMHx 

2345 LY 4Se! loop Yapl 1296 MHz 20dfil S89 

1345 LY 45el loopYa«J 2904 MHz 20081 *50 

3399 LY 33el loop Yegl 002 MHz 1Md«t 603 

Above antennae aaaembted and tasted. Ktlaievallable. 

Alt Aluminum and Stalnleas Construction. 

Add 65 UPS 611 Weal ot tha Mississippi. 

2315 PA Unssr Amp 1Wln19Wout 1290 MHz 194V. 9240 ppd. 
2335 PA unaar Amp 10W In 35W oul 1290 MHz 12.6V. 6296 ppd. 

NEW I MICROWAVE TRANSVERTERS 
BY LMW ELECTRONICS 

1290TRV0D GW, CaAeFET. T/R Sequencer. Output Meter 6499 
2304TRV2D 2W, GeAsFET, T/R Sequencer, Output Meter S569 

Add $6 for shipping UPS/48 
Stripped down version, kits also available 

S Write For FREE Catalog 

DOWN EAST MICROWAVE U-k-* 
Bill Olaon, W3HQT b-X-A 

Box 1655A RFD *1, Bumhim, ME 04822 U.S.A. 
(207)848*3741 


4 Channel Signal-to-Noise Voter 

* Expandable to 3? Cliitnnel by Juki 'Adding Cards 

* Continuous Voting 

* LEO Indicmlofs ol.COR and Voted Signals 

* Built in Calibrator 

* Demote Voted indicators Pinned Oul 

* ‘iv? * 6 Double Suit'd Hold Plated «M Pin Card 

* Remote Disable inputs 

* MORE 

Built, tested and calibrated with manual 

$350.00 

Telephone interlace now available 
For more information call or write 

HALL ELECTRONICS 

Voter Department 
815 E Hudson Street 
Columbus, Ohio 43211 
(614) 261*8871 


MOBILE RADIO MOUNTS 

MM 10013 A. 



MM 1007 


Government • Industrial 
Commercial * Recreational 

All New 19$7 Y'5 Catalog FREE 



1550 K8“3. B29W0+12+0, 139 (SIN (VI > + 1 . 295IN (29VI > ) 

1560 K8-K8-129 (1+SGN (K8-24) > 9SGN (ABS<K8*-24> ) 

1570 IFC0S(L0+Y2>>-0.26THEN1660 

1580 K9-0 

1590 GO-O 

1600 M9-2.59G19K3 

1610 IFM9<«P0THEN1630 

1620 M9-P0 

1630 M9-SIN(M9> 

1640 M9-1+2.5*M99SQR(M9> 

1650 GOTOI910 

1660 K9«(-0.26+5IN(Y2)9SIN(L0))/(C05(Y2>«C0S(LO> +1.0E~3> 

1670 K9-l2-ATN(K9/5QR(ABSU-K99K9> > ) 97.639437 
1680 T«K8-K9/2+l29(1-SGN(K8-K9/2J)*SGN(ABS(K8-K9/2)) 

1690 T4-K8+K9/2-129(1+SGN(K8+K9/2-24))9SGN(ABS(K6+K9/2-2411 
1700 CO"ABS (COS (L0+Y2) ) 

1710 T9"9.79C0'"9. 6 
1720 1FT9>0.1 THEN!740 
1730 T9= s 0. I 
1740 M9«2.59G19K5 
1750 IFM9<“POTHEN1770 
1760 M9-P0 
1770 M9»S1N(M9) 

1780 M9»l+2.59M995qR<M9> 

1790 IFT4<TTHENI 820 

1800 IF<T5-T>9(T4-T3)>0THEN1830 

1810 GOTO1960 

1820 IF (T5-T4) 9 (T-T5) >0THENI960 

1830 T6-T5+129(1+SGN(T-T5>)9SGN(ABS(T-T5>) 

1840 G9-PI9(T6-T1/K9 
1850 68*»P I 9T9/K9 
1860 U»(T-T6)/T9 

1870 G0-C09(SIN(G9> +689(EXP(U>-COS(G9>>)/(I+G89GB) 

1880 G7-C09(G89(EXP(-K9/T9J+1)>9EXP(<K9-24>/2>/(1+G89G8) 

1890 IFGO”>G7THEN1910 
1900 G0-G7 

1910 G2»(1+59/250)9M99SQR(6+589SQR(601> 

1920 G2-G29C1-0.19EXP((K9-24J/3)) 

1930 G2»G29(1+(1—SGN(LI)95GN(L2>)90.1) 

1940 G2-G29 11-0.19(1+SGN(ABS<SIN<L0>>-COS(LO> > >) 

1950 G0T02020 

1960 T6“T5+129(1+SGN(T4-T5)> 9SGN(ABS(T4-T5)> 

1970 G8-PI9T9/K9 
1980 U*(T4-T6)/2 
1990 U1 *=—K9/T9 

2000 G0«C09(G89(EXP(U1>+l)>9EXP(U>/(1+G89GB> 

2010 G0T01910 
2020 IFG2>J9THEN2040 
2030 J9»G2 
2040 NEXTKI 
2050 J9=.939J9 

2060 G=1iL1“L19R1r W1~W19R1iRETURN 

2640 DY“SIN <L 19RQ)9SIN(L29R0)+COS(LI9R0)9C0S(L29R0> 9C0S(W19RO-W29RO) 

2650 DX“609(PO-ATN(DV/SQR <1-DY9DY>) >957.2961 REM DISTANCE IN NAUTICAL MILES 
2670 DX=DX91.852:REM CONVERTS FROM NAUTICAL MILES TO KM 
2680 DX-INT(DX)-.RETURN 

2950 PRINTB9A*"PRESS P-PRINTtO-QUITiT-TRV AGAIN 
3000 GETAN*:IFAN*“°"THEN3000 
3010 IFAN*=”P“G0T03200 

3020 IFAN*”“0“THENPRINTF*A*A*D*D*D9 M ENJOY YOUR RADIO * **:END 
3030 IFAN9='‘T"THEN PRINTF*:OG=l t G=0: GQT0343 


1680 

1690 


1720 

1730 

1740 

1750 

1760 

1770 


I860 

1870 


1900 

1910 

1920 


1960 

1970 

1980 

1990 

2000 



2640 DY»SIN(L: 
2650 DX-609(P< 
2670 DX-DX91. I 
2680 DX-INT(D) 
2950 PRINTB9A1 
3000 GETAN*:If 
3010 IFAN*=”P' 
3020 IFAN*“*'G' 
3030 IFAN**"T‘ 
3035 GOT03000 
3050 : REM TQr 
3052 FOR AC-5* 
3054 P0KE5429/ 
3056 P0KE5427' 
3058 POKE 542' 
3060 P0KE5427: 


3050 : REM TONE TO TELL WHEN SCREEN PRINT COMPLETE 

3052 FOR AC»S4272T054296t POKEAC,O:NEXT 

3054 P0KE54296.15 

3056 P0KE54277.0 

3038 POKE 54278,248 

3060 P0KE54273* 35:P0KE54272.134 

3062 P0KE54276.17 

3064 FORT*1 TO 1000 : NEXT 

3066 P0KE54276.16:RETURN 

3199 REM SCREEN DUMP 

3200 0PEN3,3:0PEN4,4j PRINTC*:FORI = tT01000:GET#3.A*:PRINT#4.A*::N 
3210 CL0SE4 

3220 END 

4000 REM QC** FLAG TO SELECT PREDICTION OPTION 2 

4001 REM QD= FLAG SELECTS HOME LAT/LONG OF LINE 41 

4002 REM 0G» FLAG TO SKIP 1ST HOP COORDINATES FOR THE “TRY AGAIN 

4003 REM G* FLAG SKIPS REPRINTING 360 DEGREE TABLE TITLE 

60000 OPEN15.8,15,“SO:360/PTP MUF”:CL0SE15:SAVE"0:360/PTP MUF H .8 

READY. 


NEXT:CL0SE3 


P.O. BOX 8 Oaktewn. IL (312)423*0605 
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Look at our 







"ON WINDOW" Line 

PATENTED 


VHF 

(140-175) 

• No Hole 

• Easy to Mount 

• Rugged 

• Superior 

Performance 

• Radiator Snaps 

On and Off 

• Competitively Priced 



UHF 

(420-520) 

• 3 db gain 

• No Hole 

• Easy to Mount 

• Rugged 

• Superior 

Performance 

• Radiator Snaps 

On and Off 

• Competitively 

Priced 


O 220 MHz Available Soon! O 



COilMUN»CATK>NSANTENNAS ’ 


INC 


9001 Exchange Ave • Franklin Park. IL 60131 • 312-671-6690 


brings imagination and innovation to 

antennas . and has been 

since 1948 !! 


2680) for computing the distance between the trans¬ 
mitter and receiver for the point-to-point prediction. 
That distance, used only for information to the screen, 
replaces several lines in the original program which had 
not been used. 

The equation for S9, the sunspot number in line 
540, has been changed in response to a suggestion 
from Glenn Skaggs. The original equation produces 
sunspot numbers slightly low at low flux numbers and 
slightly high at high flux numbers. The new equation 
gives a closer fit when converting flux to sunspot 
number. 

The original article generated letters asking if I would 
copy the program to readers' disks. If you'll send me 
a disk with return postage (or a dollar bill if that's eas¬ 
ier), I'll copy the program shown in fig. 4 to your disk 
and return it. 
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PRACTICALLY SPEAKING ...Tf* 


try an oscilloscope 
for troubleshooting 
dc power supplies 

It is something of a truism that the 
first place to look for trouble in a piece 
of malfunctioning electronic equip¬ 
ment is the dc power supply. Almost 
everyone who keeps records of equip¬ 
ment failure will report that a large per¬ 
centage of repair actions involve the 
low-voltage dc power supply. This 
problem is so commonplace, and such 
a logistics cost driver, that the United 
States Navy now has a power supply 
standard that, among other things, 
limits the maximum junction temper¬ 
ature of semiconductor devices to 110 
degrees C, and also limits the power- 
per-unit-of-volume (watts/cubic inch). 

The typical low-voltage dc power 
supply will fyave a transformer to step 
down the 120-VAC line voltage to 
some lower voltage. The exact value 
of the transformer secondary voltage, 
of course, depends upon the dc out¬ 
put potential of the supply. The out¬ 
put of the transformer will be a sine 
wave or near-sine wave (fig. 1A). The 
transformer voltage ratings sometimes 
yield some confusing results for the 
troubleshooter. For example, let's con¬ 
sider the standard 12.6-VAC trans¬ 
former (fig. IB). The rated voltage of 
a transformer is the RMS potential 
across the entire secondary, unless 
otherwise specified. 

If you use a reasonably good quali¬ 
ty ac voltmeter, the reading will be 
12,6 VAC across points A-B right? 



fig. 1A. Output of a typical low-voltage dc 
power supply transformer is a sine wave or 
near-sine wave. 



fig, IB Standard 12.6 VAC center- 
tapped transformer. 


Not necessarily! First, it should go 
without saying that the input voltage 
will vary somewhat, and that in turn 
reflects variation in the secondary vol¬ 
tage. Measurements I made in prepar¬ 
ation of this article showed a line 
voltage of 123 VAC RMS at my QTH, 
while at other times it has been as low 
as 102 VAC RMS. 

Second, the rated voltage of a trans 
former assumes a minimum load cur¬ 
rent being drawn. If you measure a 


transformer with no load, you can ex¬ 
pect a higher voltage than the rated 
potential. Some transformers are 
worse than others in this respect, but 
all will demonstrate this phenomenon 
to some extent. The problem lies in the 
internal resistance of the secondary 
windings. I've seen a 12.6 VAC @20- 
ampere transformer show a 22 VAC 
"RMS" on a digital ac voltmeter of 
good quality until a 500 m A load was 
placed across the secondary. The load 
reduced the secondary potential to 
12.6-VAC RMS ± line fluctuation. 

If the transformer is center tapped, 
as in fig. IB, then the rating of the 
secondary must be scrutinized to 
determine the actual voltage. For ex¬ 
ample, "12.6 VAC C.T." means that 
12.6 VAC appears across A-B, while 
the potential readings from CT to A 
and CT to B will be 6.3 VAC RMS 
each. 

Another point of confusion is found 
when measuring the voltage across the 
transformer secondary with an oscil¬ 
loscope. Most ac meters are RMS- 
reading devices (or nearly so) for sine 
waves, unless they're specifically 
designed for peak-to-peak or peak¬ 
reading applications. But the oscillo¬ 
scope is inherently a peak-to peak 
reading instrument. In fig. 1A, the 
horizontal line denotes the zero-volts 
baseline, while the positive excursions 
are above the line and negative excur¬ 
sions are below the line (following the 
standard convention). The peak vol¬ 
tage is the potential between the zero 
baseline and either peak, while the 
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fig. 2. Forms of rectifiers: (A) half-wave; 
(Bj conventional full-wave; fCI full-wave 
bridge. 


peak-to-peak voltage is the reading 
between a negative peak and the ad¬ 
jacent positive peak. The peak voltage 
is 1.414 times RMS voltage, while the 
peak-to-peak voltage is 2.83 times the 
RMS voltage. On the oscilloscope and 
meter readings, we need to divide the 
peak-to-peak reading obtained on the 
oscilloscope by 2.83. Similarly, mul¬ 
tiplying the RMS reading on the meter 
by 2.83 gives us the approximate peak- 
to-peak voltage to expect on the os¬ 
cilloscope screen. 

Because the ac voltage provided by 
the transformer is useless for most 
electronic circuits, we provide a recti¬ 
fier to convert bipolar ac to unipolar 
pulsating dc. Figure 2 shows the var¬ 
ious forms of rectifiers, while figs. 3A 


and 3B show the waveforms that the 
scope will show when connected 
across load resistor R. The device in 
fig. 2A is the half-wave rectifier, and 
it produces the waveform shown in 
fig. 3A. Note that only the positive 
half of the applied ac sine wave is ap¬ 
plied, which causes a certain amount 
of inefficiency in this form of power 
supply. The other two rectifiers are 
both full-wave types, and they pro¬ 
duce the waveform shown in fig, 3B. 
The rectifier shown in fig. 2B is a 
conventional full-wave rectifier, and 
depends upon the center-tap of the 
transformer secondary winding in or¬ 
der to provide a ground reference. 

The rectifier in fig. 2C is a full-wave 
bridge. It does not require a center- 
tapped transformer, but instead uses 
a node of the bridge to provide the 
ground reference. This article is based 
on the bridge rectifier, by far the most 
commonly used rectifier in modern 
equipment. Fig. 4 shows the circuit of 
the dc power supply that was used in 
making the measurements and wave¬ 
form photographs. The transformer 
was an 8.5-VAC @1 -ampere trans¬ 
former, while the rectifiers (CR1-CR4) 
were 1N400x-series devices. 

Figures 5A and 5B show the nor¬ 
mal waveform expected when the os¬ 
cilloscope probe is applied to points A 
and B in fig. 4. Each waveform is half¬ 
wave rectified, but each is 180 degrees 
out of phase with the other. This phas¬ 
ing reflects the fact that the bridge rec¬ 
tifier is full-wave, and therefore uses 
the entire 360 degrees of the input ac 
waveform. Even with a single-trace os¬ 
cilloscope, you can tell that the circuit 



fig. 3A. Waveform produced by half wave 
rectifiers. 



fig. 3B. Waveform produced by full-wave 
rectifiers. 

is working correctly by the half-wave 
trace. Figure 5B, on the other hand, 
shows an anomaly. I once saw this 
waveform in a piece of equipment in 
which the printed circuit trace from the 
+ terminal of the bridge rectifier was 
cracked, and that effectively removed 
the load from the rectifier. If you see 
a sine wave or near-sine wave at the 
ac nodes of the bridge (points A and 
B in fig, 4,) you should suspect that 
the load is somehow disconnected. 

The full-wave pulsating dc wave- 



fig. 4. Circuit of low-voltage dc power supply used in making measurements and 
photographs for this article. 
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fig. 5A. Normal waveform generated when 
oscilloscope probe is applied to points A 
and B in fig. 4. 



fig. 5B_ Anomalous waveform indicates 
defective circuit. 

form of fig. 3B is almost as useless for 
electronic equipment as ac, so circuit 
designers supply a filter capacitor such 
as Cl in fig. 4. Figure 6 shows two 
cases of a filtered pulsating dc output 
from the low-voltage power supply of 
fig. 4. In both figs. 6A and 6B the 
horizontal white line was placed at the 
zero-volts line in order to provide a 
frame of reference. The line was made 
by adjusting the position control for 
channel 2 of the oscilloscope, and 
keeping the input selector in the 
grounded position. The waveform of 
fig. 6A represents the case in which 
500 /if of filter capacitance was used; 
in this situation, the digital voltmeter 
read 12.03 Vdc, while the measure¬ 
ments on the oscilloscope screen 
showed 10.8 volts between the zero- 
volts baseline and the bottom of the 
ripple waveform, and 12.4 volts to the 
peak of the ripple waveform (resulting 
in a ripple amplitude of 1.6 volts). In 
fig. 6B, the filter capacitor is increased 
to 2700 ;<F. The DVM read 12.01 Vdc, 
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fig. 6A. Filtered pulsating dc output from 
the iow-vo|tage power supply shown in fig, 
4; 500 ft ,F of filter capacitance results in rip¬ 
ple amplitude of 1.6 volts. 



fig. 6B. With filter capacitance increased to 
2700 /tF, ripple amplitude drops to 0.25 volts. 


while the oscilloscope showed 12.0 
volts between zero and the bottom of 
the ripple waveform. The ripple ampli¬ 
tude in fig. 6B is 0.25 volts, or 15.6 
percent of the case where 500 was 
used for the filter. Obviously, the 
greater the capacitance, the less the 
ripple. The general rule of thumb for 
the value of capacitance needed in a 
full-wave supply is: 

c 1 , 000,000 

4l6-R L *RF 

where: 

C is the capacitance in microfarads 
R l is the load resistance (Vo/lo) 
RF is the required ripple factor 
If the filter capacitor is open — a 
common fault — then you should ex¬ 
pect to see the pulsating dc waveform 
of fig, 3B across the load resistor, in¬ 
stead of the distinctive waveforms of 
fig. 6. A certain amount of judgment 
and experience is needed, however, in 


the case where the filter capacitance 
is reduced significantly. This fault 
occurs occasionally in aluminum elec- 
trolytics, especially in equipment that 
has been unused for a while. Some 
service literature will show you the 
peak-to-peak readings to expect across 
the filters; in other cases, only exper¬ 
ience or hunches will aid the trouble¬ 
shooter. 

Figures 7A and 7B show a pair of 
ripple waveforms found in another sit¬ 
uation. Both waveforms were made 
with the oscilloscope's vertical input 
ac-coupled because we are specifical¬ 
ly looking at ripple, rather than at the 
ripple + dc component. The top 
waveform (fig. 7A) shows a filtered 
pulsating dc waveform in a normally 
operating dc power supply. In a full- 
wave rectified supply, the ripple fre¬ 
quency is twice the line frequency, or 
120 Hz in the United States. But fig. 
7B shows the same power supply with 
one leg of the bridge (CR4 of fig. 4) 
open-circuited. The ripple amplitude is 



fig. 7A. Ripple waveform of filtered pulsat¬ 
ing waveform in a dc power supply operat¬ 
ing normally. 



fig. 7B. Ripple waveform of power supply 
operating with one leg of the bridge open- 
circuited. 


up — a fact that could also be attrib¬ 
uted to a weak filter capacitor — but 
the ripple frequency is one-half the ex¬ 
pected frequency. On the oscilloscope 
timebase (horizontal) line, you'll find 
that the ripple waveform on a full-wave 
circuit will have a period of 1/120 Hz, 
or about 8.3 milliseconds. The half¬ 
wave rectified ripple waveform result¬ 
ing when a diode is opened produced 
a period of 16.7 milliseconds on the os¬ 
cilloscope. 

A lesson to be learned from this ex¬ 
ample is to examine not just the am¬ 
plitude of the waveform, but also its 
period/frequency. Also, if its shape is 
wrong, then suspect a fault (again, ex¬ 
amine the difference between figs. 5A 
and 5B). 

regulated power supplies 

Most Amateur equipment uses 
voltage-regulated dc power supplies, 
This fact is due, in part, to the nature 
of modern solid-state circuits, which 
simply work better when the power 
supply is voltage regulated. It's also 
attributable in large part to the fact that 
1C voltage regulators are widely avail¬ 
able today. In past times, because it 
was expensive to regulate supplies, 
many manufacturers used unregulat¬ 
ed supplies. Figure 8 shows a basic 1C 
voltage regulator circuit based on the 
three-terminal 1C regulator devices. In 
making the measurements for this ar¬ 
ticle f used a 7805 device, which — for 
our purposes — is the same as the 
LM-309 and LM-340T-05 devices, all of 
which produce 5 volts output for TTL 
digital circuits. Similar devices are 
available in output voltages to 24 Vdc, 
both positive and negative. 

One effect of the voltage regulator 
is to greatly reduce the ripple of the 
power supply. In fact, in 1964 a man¬ 
ufacturer of test equipment marketing 
a new regulated bench supply (then a 
rarity) bragged that it had the "equiva¬ 
lent of 1 Farad of filtering." The volt¬ 
age regulator produced a reduction in 
ripple equivalent to what would be ob¬ 
tained with 1,000,000 fiF of filter 
capacitance! This effect is shown in 
fig. 9. The upper trace. A, is taken at 
point "A" in fig. 8, and represents the 
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fig. 8. Basic 1C voltage regulator circuit. 


output waveform from the regulator. 
The bottom trace is the filtered pulsat¬ 
ing dc at the input of the regulator 
device {point "B" in fig. 8). Both trace 
photos were taken with the oscillo¬ 
scope's vertical attenuator set to 0.1 
volts/cm. The bottom trace shows 160 
mV of ripple, while the upper trace 
shows no discernible ripple. In fact, the 
oscilloscope showed no discernible 
ripple on all settings of the attenuator 
except at the 5-mV/cm (most sensi¬ 
tive) position. A defective regulator will 
show a high ripple on the output as 
well as an incorrect voltage. 

WARNING: Defective regulators 
can produce a higher than normal vol¬ 
tage at the output of the supplyI That 
potential can damage electronic cir¬ 
cuits, so immediately turn off the 
equipment if this result is found. If the 
regulator is a simple 1C type, then it 
can be replaced and the circuit inspect¬ 
ed for damage . 

I use a current-limited bench power 
supply to troubleshoot equipment of 
this sort. Disconnect the regulator, set 
the bench output voltage to the same 
potential the regulator is supposed to 
produce, set the current-limiting con¬ 
trol to the rated value produced by the 
regulator, and then connect the bench 
supply across the equipment circuits. 
If the circuits are undamaged, they will 
function correctly. Next, place a load 
resistor across the output of the regu¬ 
lator (the equipment circuits are still 
disconnected). It should draw a cur¬ 
rent of 25 to 100 percent the normal 
load for that particular supply. Meas¬ 
ure the output voltage and examine 
the waveform across the load resistor. 
II the regulator is operating correctly, 


WWW' 


fig. 9. Voltage regulator greatly reduces rip¬ 
ple of power supply. Upper trace (A) was 
taken at point “A" in fig, 8; lower trace (B) 
is filtered pulsating dc at input of regulator 
(point "B" in fig. 8). 

you may reconnect the circuits to the 
replaced or repaired regulator. 

conclusion 

Although professional servicers 
almost invariably prefer troubleshoot¬ 
ing with oscilloscopes, many people 
still mistakenly believe that the dc volt¬ 
meter is the only instrument useful for 
troubleshooting dc supplies. In this ar¬ 
ticle we've seen that the oscilloscope 
is also useful for this job — which 
strengthens my conviction that all 
technically inclined Amateurs ought to 
obtain good oscilloscopes for their 
workshops. 

WARN I IMG; techniques presented 
in this article are for low-voltage dc 
power supplies only . Do not attempt 
to use them on a high-voltage supply 
unless a suitable high-voltage probe is 
provided. Otherwise, damage to the 
oscilloscope may result, and the high 
voltage present may also he dangerous 
to you . 

ham radio 
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pulse width modulated 

dc-to-dc converters 


Get the voltage you want 
— and high efficiency, too 

How many times have you required a voltage low¬ 
er, higher, or of opposite polarity than that provided 
by your power supply or battery? If you wanted to 
draw 5 volts from a 15-volt source, for example, you 
could use a linear regulator or a zener diode — but 
with efficiency of only 33 percent or less. By using a 
dc-to-dc converter, however, you could obtain your 
desired voltage with an efficiency of 65 to 80 percent 
or more. 

While a number of different types of dc-to-dc con¬ 
verter circuits can be used, this article deals exclusively 
with the pulse width modulated (PWM) type. A wide 
variety of PWM ICs are available from a number of 
suppliers such as National, RCA, Fairchild, Motorola, 
Silicon General, Unitrode and others. 

buck or forward converter 

The first type examined will be the buck or forward 
converter used to supply a voltage lower than the in¬ 
put. Referring to fig. 1, note that the basic buck con¬ 
verter consists of a switch (S), a diode, an inductor, 
a capacitor, and a load resistor. In a practical convert¬ 
er, the switch is replaced by a transistor or FET driv¬ 
en by pulses supplied from a PWM chip. 

When the switch is closed, current starts to build 
up gradually as the inductor opposes a rapid change 
in current flow. The capacitor begins to charge, and 
an EMF appears across the load. As the current in¬ 
creases, a magnetic field builds up in and about the 
inductor. The switch then opens, and forward current 
flow ceases. At this point the magnetic field collapses, 
inducing a voltage in the inductor of opposite polarity. 


I The energy induced in the inductor flows through 
the diode to the capacitor and load. Energy is supplied 
to the load from that stored in the inductor. The ratio 
of the time on (switch closed) to time off (switch open) 
determines the total energy delivered to the load, and 
therefore the output voltage. The PWM chip will mon¬ 
itor the output via the feedback resistor in a practical 
circuit, compare it with the internal reference voltage 
of the chip, and precisely control the ratio of on time 
to off time to maintain a constant output voltage. As 
the load is increased, the on time increases; as the load 
is decreased, the on time decreases. This circuit can 
be used to obtain an output voltage lower than the 
input by at least 2 volts or more. 

flyback converter 

Figure 2 shows a basic flyback converter with the 
same five basic components arranged in a different 
manner. In this circuit, when the switch is closed, 
energy is stored in the inductor because it cannot flow 
to the capacitor and load because of the diode. When 
the switch is open, the energy stored in the inductor 
is transferred to the capacitor and load because the 
diode is now forward biased. With this circuit, you can 
obtain a supply of reverse polarity greater than, less 
than, or equal to the input voltage. 

boost or step-up converter 

Figure 3 illustrates a basic boost or step-up circuit. 
In this circuit, we see the same five components ar¬ 
ranged differently. When the switch is closed, the in¬ 
ductor is connected in parallel with the input, and 
energy is once again stored in the inductor. 

By William R. Hennigan, W3CZ, 975 Clopper 
Road, Apartment A2, Gaithersburg, Maryland 
20878 
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When the switch is open, the energy in the inductor 
is transferred to the load and this voltage is now connect¬ 
ed in series with the input; thus the output is the sum of 
the input voltage and the voltage across the inductor. 
This circuit can be used only as a step-up or boost cir¬ 
cuit. It does suffer from one fault, however, which I'll ex¬ 
plain later. 

buck or step-down converter 

A practical buck or step-down forward converter 
can be constructed using a 3524 1C, a chip that's read¬ 
ily available from a number of suppliers. Figure 4 
shows a schematic of an 8-volt regulated supply with 
an input of 12 volts. I built this circuit several years 
ago; the 8-volt output was loaded from 150 to 500 mA 
with a measured efficiency that varied from 83 to 85 
percent. 

Note that the internal reference at pin 16 is divided 
down to 2.5 volts at pin 2. This is necessary because 
the comparator in the chip is powered off the 5-volt 
reference and has a common mode input of 1.8 to 3.4 
volts (see fig. 5 for the internal circuitry of the chip). 
The Unitrode UC1524 family of chips has a higher 


common mode input because the comparators are 
powered off the input voltage of the chip; if they're 
used in this circuit — with 12-volt input — the refer¬ 
ence could be applied directly to pin 2 by means of 
a resistor. The current limit comparator (pins 4 and 
5) also has the same common mode input limitations 
with the LM3524, so the current limit resistor is in the 
negative lead in the circuit shown. The resistor value 
of RCL can be tailored to fit the need. A 1-ohm resis¬ 
tor will current limit at about 200 mA, a 0.2-ohm resis¬ 
tor at about 1 ampere, and a 0.4-ohm resistor at about 
500 mA. The current limit value is the value of a resis¬ 
tor whose voltage drop equals 0.2 volts. If current 
limiting isn't necessary, it can be omitted and the leads 
connected together at this point, forming a jumper be¬ 
tween point A and B. 

LI and L3, wound on toroids, consist of 45 turns 
of No. 25 wire on Micrometals T68-26A cores. These 
plus C6 can also be omitted if the ripple from the sup¬ 
ply at both the 12-volt input and 8-volt output is 
acceptable. 

Any of the 1524, 2524, 3524 chips will operate in 
the circuit shown in fig. 4. The operating frequency 
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of this converter, approximately 20 kHz, is determined 
by the value of R t and C t . The frequency is about 
equal to 1 over the product of the timing Resistor R t 
here and timing Capacitor C t or: 


The inductor L2, the heart of the unit, has an induc¬ 
tance of 830 *tH, and consists of 72 turns of No. 26 
wire wound on an 1811 FI D bobbin mounted on a set 
of Ferroxcube® gapped cup cores (part No. 
1811PA1603B9).* Though the inductor could just as 
well be wound on a toroid, I chose cup cores because 
they were available and because they're much easier 
to wind than toroids. I bolted them together with a 
nylon screw, but any nonmagnetic material, such as 
brass, would have been appropriate. 

This supply will operate equally well with a 15, 18, 
or 24-volt input. To convert to a 5-volt output, change 
the feedback resistor Rf to 5.1 k; to fine-tune the volt¬ 
age, use a 4.7-k resistor in series with a 500-ohm pot. 
To adjust this 8-volt supply, use a 10-k resistor in se¬ 
ries with a 2-k pot instead of the 11.22-k resistor 
shown, because it isn't a standard value and would 
have to be made up of several resistors in series. 

The feedback resistor for the circuit shown in fig, 
4 can be calculated as follows: 

R f = 5100 - l) (2) 


V 0 being the desired output voltage from the supply. 

The switching transistor TIP 115 should be heat 
sinked to keep it from overheating. In my supply it was 
bolted, with a mica washer, to the circuit board upon 
which the supply was built to keep it from shorting 
to the copper foil of the circuit board. 

If the output current is increased to 1.0 ampere, the 
value of the inductor should be decreased to 300 to 
500 jiH or so. In all cases, the diode should be a fast- 
recovery type; for maximum efficiency in low-voltage 
supplies of 5 to 10 volts output, a Schottky type (for 
example, a 1N5819) is preferred. In any event, don't 
use 1N4000-type diodes, which will overheat. 

The value of the inductor, L2, can be calculated as 
follows: 



2.5 Vo (Vjn ~ 

Io ^in lose 




V 0 = output voltage 
Vj n = input voltage 
l 0 = output current 
fosc = oscillator frequency 

inverted supply 

Rg ure 6 shows a converter that gives us an invert¬ 
ed supply or a - 15-volt supply from a positive source. 

*The cup cores are available from Ferroxcube. Toroids were made by 
Micrometals; toroids from FairRite, Arnold Engineering, Magnetics, and other 
manufacturers may be used instead. 
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fig. 5A. Unitrode No. UC1524 series of ICs: equivalent internal block diagram. 



fig. 5B. UC1524 series pin configuration. 


This circuit provided an efficiency of 76 percent load¬ 
ed to 250 mA. The inductor measured 525 and con¬ 
sisted of 70 turns of No. 29 wire wound on a 
Ferroxcube cup core set of No. 1408PA1003B7 gapped 
cores. This is a smaller core than the one used in the 
buck converter shown in fig. 4. The frequency of this 
oscillator was measured at 21.2 kHz. 

Do not operate any of these dc-to-dc converters 
without some load; if you do, the capacitor can charge 
up to the peak pulses applied to the inductor. One way 
to prevent this from happening is to modify the feed¬ 


back resistor and 5,1-k resistor to ground to lower 
values, in order to provide some loading to the sup 
ply if you want to be able to remove the load while 
the supply is operating, or want to apply the load while 
it's operating. In this circuit, I used a Schottky diode 
(1N5819) with a snubber consisting of a 3.3-k resistor 
and a 1000-pF capacitor in series across the diode. If 
a fast-recovery type such as a 1N4935, 1N4936, or 
1N4937 were used, the snubber could be deleted. 

Since the 35.7-k feedback resistor isn't a standard 
value, a good substitute would be a 33-k resistor in 
series with a 5-k pot; with this arrangement, you'd be 
able to adjust the output to exactly 15 volts. The out¬ 
put voltage can be changed by merely changing the 
value of the feedback resistor. 

The value of the feedback in this supply or circuit 
can be calculated as follows: 

Rf = X 5100 ( 4 ) 

This supply will operate just as well with an input volt¬ 
age of from 4- 12 to +24 volts. In fact, it will proba¬ 
bly operate with an input as high as 40 volts, the 
maximum for the LM3524, but be sure to use a fast- 
recovery diode rather than a Schottky type. 

boost converter 

The boost converter shown in the next circuit (fig. 
7) uses the internal switching transistors in the 3524 
chip because the load was only 40 mA. The efficien¬ 
cy of this circuit, with an output of 24 volts at 40 mA, 
and an input of 12 volts, was measured at 78.6 per¬ 
cent. The 600 /iH inductor consists of 80 turns of No. 
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32 wire wound on a Ferroxcube core (No. 
1107PA1003B7), which is smaller than those used in 
the other circuits. In all cases, when you use cup 
cores, be sure to adjust the wire size to fill the bobbin 
completely for the inductance required. Toroids can 
also be used in these circuits. 

The component values of a large part of the circuitry 
are similar to the other circuits used in figs. 4 and 6. 


Earlier I mentioned a problem with the basic boost cir¬ 
cuit given that there's no easy way to current limit it 
when the switching transistor isn't connected between 
the input and output. In any of the circuits where the 
switching transistor is connected between the input 
and output, the current limit comparator at pins 4 and 
5 can be connected across a limit resistor as shown 
in fig. 4. In the inverting supply, the resistor can be 
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placed in series with the diode and ground, with the 
ends of the resistor connected to pins 4 and 5; be care¬ 
ful to observe the correct polarity. 

simple buck converter 

A rather simple buck converter can be built around 
the National LH1605K, a device with eight leads, con¬ 
tained in a T03 package.* The internal schematic and 
complete circuit diagram are shown in fig. 8. The 
switching transistor and diode are contained in the 
same package, so the entire circuit consists of three 
capacitors, one resistor, and one inductor in addition 
to the 1C. The internal transistor and diode combina- 
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fig. 8B. National LH1605K 1C: internal diagram and pin 
configuration. 


tion is capable of supplying an output current of 5 
amps. Needless to say, it's necessary to use some 
form of heat sink. The maximum input voltage, 35 
volts, will supply an output voltage as low as 3 volts 
and as high as 30. The feedback resistor can be cal¬ 
culated as follows: 



If a 15-volt output is desired, then Rf would be 10 k; 
for a 5-volt output, it would be 2 k. With a 12-volt in¬ 
put and a 5-volt output, I measured an efficiency of 
68 to 69.5 percent with a 5-volt load of 600 mA to 1 
ampere. With a 24-volt input and a 14 volt output, the 
efficiency varied from 73.5 percent to 79 percent be¬ 
cause the load was varied from 300 mA to 2 amperes. 
If a step-down regulator is required, this chip would 
surely be appropriate. The inductor in my unit meas¬ 
ured 210 /uH arid consisted of 35.5 turns of No. 20 wire 
wound on a Ferroxcube cup core set (No. 
2616PA170368) held together by a nylon screw, which 
also was used to mount it. This chip can be used only 
as a buck converter. In my unit, R/ was a pot that 
could be set for any output voltage as long as it was 
several volts less than the input. 


other possibilities 

Lambda's 6300 series of PWM regulators come in 
the same T03 package with eight leads. These units 
can be used in a number of circuits — buck, boost, 
or inverting. 

It's possible to build multiple output supplies using 
PWM chips. If the supplies require that all the outputs 
need to be regulated rather closely under varying load 
conditions, then you could probably build, as I have, 
several regulated supplies with all chips running at the 
same frequency. One chip uses R t and C t connected 
to the appropriate pins. Tie pin 3 of all chips togeth¬ 
er, and pin 7 of all chips together. 

You can obtain a ± supply from one buck regula¬ 
tor which will track quite well even though one sup¬ 
ply or output is sampled via the feedback resistor. It 
works best if the - supply is loaded to only 10 to 25 
percent of the load on the + supply (see fig. 9). If 
the load on the + supply is removed with a load on 

*The National LH1605K chip, most of the diodes, and the switching transis 
tors used in these circuits are available from Digi-Key Corporation, P.O. Box 
677, Thief River Falls, Minnesota 56701. 


October 1987 E3 75 







Join AMSAT...Today 

Amateur Radio Satellite OSCAR 10 

provides: 

• A New Worldwide DX Ham Band 

open 10 hours a day. 

• Rag Chew With Rare DX Stations 

in an uncrowded, gentlemanly fashion. 

• Popular Modes In Use: 

SSB, CW, RTTY, SSTV, Packet 

• Full Operating Privileges 

open to Technician Class 
licensee or higher. 

Other AMSAT Membership Benefits: 

Newsletter Subscription: 

Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 

Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 

Enjoyment! 

AMSAT Membership is $24 a year, $26 out¬ 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 
Washington, DC 20044 

301 589-6062 

✓ 169 



rh rtf 


o T0 PIN OF _3 5 2_4 ____j 

fig. 9. Dual voltage supply uses single buck regulator. 

kmrn .—.—......*- 



the - supply connected, the - voltage will drop con¬ 
siderably because the pulse width will be reduced se¬ 
verely — but with loads on both supplies, the voltages 
will track quite well. The inductor in this circuit was 
wound with 76 turns of bifilar No. 30 wire. 

Another way to obtain a dual supply is to use a 
center-tapped transformer, as shown in fig. 10. 

conclusion 

In closing I might mention that since these supplies 
run at 20 kHz, good low-frequency rf practices should 
be followed in wiring. It would be best if pin 10 of the 
chip were grounded; when a supply I built with some 
new chips operated erratically, I found that pin 10 was 
picking up some hash from the circuitry and tending 
to shut down the regulator. 

If you don't have a large assortment of wire sizes, 
you can vary the wire size to fit what you have on 
hand. The exact inductance of the inductors in the cir¬ 
cuits isn't critical; a ± 15 to 20 percent variation from 
the detailed values would probably work just as well. 

ham radio 


hr 


76 


October 1987 
















ham radio 


TECHNIQUES ' : • 


"white noise" revisited 

In my January and June, 1987, 
columns 1 discussed the interesting 
phenomenon known as "white noise" 
or "reciprocal mixing" (see these col¬ 
umns for background information). It's 
interesting to note that Radio Commu¬ 
nication, the monthly publication of 
the Radio Society of Great Britain, dis¬ 
cusses this subject in detail in their 
equipment review column, but little is 
said about this subject in Amateur 
Radio magazine equipment review col¬ 
umns in United States publications. 
My opinion is that the subject won't 
go away if you ignore it! 

The RSGB reviews indicate trans¬ 
mitter noise sideband performance at 
10 kHz off-tune as the "standard of 
performance" they measure, but they 
also provide reciprocal noise measure¬ 
ments at 2, 3, 5, 10, 20, 30, 50 and 100 
kHz off tune. This is very useful infor¬ 
mation, and it's a pity that more of it 
isn't available on this side of the pond. 
I'm sure that as time goes on, the data 
will be available for general consump¬ 
tion. While publications other than this 
one may be oblivious to the fact, the 
readers of this column are not, judg¬ 
ing from my mail on the subject. 

In this regard, the November, 1986, 
issue of rf Design magazine 1 included 
an article entitled "Broadband Noise 
Improvement in RF Power Amplifiers" 
by Franke and DeLtion of the ECI Di¬ 
vision of E-Systems, Inc. In brief, the 
authors maintained that operation of 


a high power transmitter in the vicin¬ 
ity of a sensitive receiver can result in 
the degradation of the receiver due to 
broadband transmitter noise. 

This is nothing new. I remember 
back in 1935, when I first got on 
20-meter phone, a local DXer had 
great, hissing sidebands on his a-m 
transmitter. Everyone objected. The 
DXer, who was an engineer, literally 
tore his rig apart trying to find the 
cause of the noise. He never found it, 
and the cause remained a mystery. 
The noise wasn't caused by a phase- 
lock loop circuit, either — they hadn't 
been invented yet! 

In their article, Franke and DeLeon 
pointed out that the level of white 
noise is greatest close to the carrier fre¬ 
quency of the transmitter, and drops 
off gradually as the observation fre¬ 
quency departs from the carrier fre¬ 
quency (fig. 1). Unfortunately, the 
noise can't be filtered out at the re¬ 
ceiver. They noted that the presence 
of close-in broadband noise isn't un¬ 
expected, considering the shape of the 
gain response of a bipolar transistor 
(fig. 2), which exhibits greater gain at 
frequencies lower than the normal 
operating region. This indicates to me 
that such amplifier stages are "wide 
open" to pass any close-in noise gen¬ 
erated in the earlier stages of the trans¬ 
mitter. 

Franke and DeLeon attacked this 
problem by using low frequency load¬ 
ing in the amplifier stages to reduce 
low frequency gain without sacrificing 


high frequency gain. In their example, 
the amplifier stages worked above 200 
MHz, and they set about to lower 
stage gain at frequencies below 50 
MHz. A sample of this design tech¬ 
nique is shown in fig. 3. 

In the base circuit of Q1, the rf 
choke (LI) is the normal one for the 
operating frequency. Choke L2 pre¬ 
sents a high impedance down to very 
low frequencies and the low frequen¬ 
cy (noise) energy flows through load 
resistor R1, which is in the range of 5 
to 10 ohms. The base circuit, then, is 
loaded by R1 at low frequencies where 
power gain is high. 

A similar scheme is used in the col¬ 
lector circuit. Choke L3 is normal for 
the operating frequency. However, L3 
and hf bypass capacitor Cl form an L- 
network that transforms the value of 
resistor R2 to a value that will heavily 
load the collector at the lower frequen¬ 
cies. At the operating frequency, L4 
appears as an open circuit and capac¬ 
itor C2 provides a very low impedance, 
which results in the collector feedback 
network shown in the small illustration. 
Below the normal operating range of 
the amplifier the input impedance to 
the network looks resistive, approach¬ 
ing the value of R2, which is typically 
10 to 20 ohms. 

The authors provided "before and 
after" illustrations of broadband noise 
density with and without low frequen¬ 
cy load resistance. In addition, they 
point out that FETs (Field Effect Tran¬ 
sistors) have 10 to 15 dB lower broad- 
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fig. 1. Level of white noise, greatest close to the carrier frequency of the transmitter, 
drops off gradually as the observation frequency departs from the carrier frequency. 



band noise than a comparable bipolar 
power transistor. It appears that this 
technique is worth considering in the 
continuing battle against the white 
noise problem. 

It's obvious that progress is being 
made in this important area. Dealing 
with the problem of broadband noise 
(as far as ham equipment goes) is in 
about the same stage of development 


that receiver overload was 15 years 
ago. The latter problem has been 
solved, and I'm confident that this one 
is on the edge of being solved. Time 
will tell! 

more on telephone 
interference 

The following information was 
provided by W6BIP ("Bip"): 


With regard to telephone interfer¬ 
ence caused by an Amateur station , 
recent editions of the ARRL Hand¬ 
book and other publications have sug¬ 
gested that compensation networks 
that are RFI-free can be obtained 
from the telephone companies for in¬ 
stallation in an RFI-prone instrument. 
Unfortunately , the compensation net¬ 
works discussed have been discon¬ 
tinued and deleted from the AT&T 
inventory. Bad news! 

W6BIP reports, however, that the 
new replacement line filter module 
Z-100A does the job in most cases. It 
consists of two 7.2-mH (8 ohms dc 
resistance) rf chokes wound on small 
ferrite cores. Contained in a plastic box 
that has matching connectors to place 
in series with the line, it can be bought 
at AT&T company phone stores or 
ordered by phone from the AT&T Na¬ 
tional Service Center in St. Louis, Mis¬ 
souri (800 222-3111). The stock 
number of the line filter is SKU-57210. 
A second line filter (model Z-101A), 
stock number SKU-57293, is available 
for use with wall-mounted phones. 

W6BIP mentions that in addition to 
the line filter module, some phones 
may require additional rf filters in the 
form of a 0.01-/tF ceramic capacitor 
placed across the microphone and a 
second one across the earphone. Ex¬ 
perience has shown that the 3/16-inch 
diameter capacitors are superior in RFI 
reduction to the common 3/8-inch di¬ 
ameter capacitors. The value of 0.01 
fxF is not critical; values between 0.001 
and 0.047 fiF can be tried. When used 
in conjunction with the Z-100A filter 
module, they substantially reduce in¬ 
terference. 

From experience, W6BIP says this 
combination of capacitors and filter 
module should work for those Ama¬ 
teurs using 1 kW input, or less, with 
their horizontal antennas at least 25 
feet above and away from the affect¬ 
ed telephones. For those using verti¬ 
cal antennas with radials on the roof, 
or slopers or end-fed antennas close to 
the roof, so much rf seems to enter the 
house wiring and indoor telephone 
lines that the filtering described may be 
inadequate. 
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the "wideband dipole" 

— a different approach 

Eighty-meter operators have been 
continually frustrated by the problem 
of getting an antenna that will show 
a low value of SWR across the whole 
band (3.5 to 4.0 MHz). Many modern 
transceivers require a feed line SWR 
of less than 2:1 to function properly. 

A conventional dipole, cut to mid¬ 
band and fed with a 50-ohm coax line 
has an operational bandwidth of 170 
to 190 kHz between the 2:1 SWR 
points, depending upon the height 
above ground. This means that such 
an antenna, cut for the high end of the 
band (phone) is useless at the low end 
of the band (CW). 

Bill McLeod, VK3MI, has an inter¬ 
esting approach to this problem, as 
shown in fig. 4. H/s antenna design 
appeared in the April, 1986, issue of 
the Journal of the Wireless Institute of 
Australia. His idea consists of using a 
quarter-wave 73-ohm transformer 


made of RG-59/U coax plus a reac¬ 
tance compensation capacitor to in¬ 
troduce a deliberate mismatch at the 
antenna. The result is a poorer SWR 
level at the resonant frequency of the 
antenna, but a flatter SWR response 
across the band of interest. 

Using a dipole cut for 3.7 MHz, Bill 
measured an SWR value of less than 
2:1 over a bandwidth of 420 kHz, as 
shown in the illustration. 

It seems to me that with the dipole 
cut for a slightly higher frequency (say, 
3750 kHz) and with adjustment of the 
reactance capacitor, it may be possi¬ 
ble to "stretch" the 2:1 operating 
bandwidth to cover the complete 80- 
meter band. 

The capacitor should be a high- 
voltage mica type, or it may be made 
from a length of coax line open at the 
far end. The capacitive stub can be 
taped to the feed line, if desired. 

One trick for achieving better band¬ 
width is to use this scheme with a 
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fig. 4. (A) VK3MI wideband dipole for 80 meters; (B) bandwidth of VK3MI and conven¬ 
tional dipole. 
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"fat" dipole. If the dipole halves were 
made of 300-ohm transmitting twin- 
lead, with the wires shorted together 
at the ends, the additional conductor 
area might achieve substantially bet¬ 
ter bandwidth response. In any event, 
this looks like a good idea to experi¬ 
ment with. 

EME directory 

The 144-MHz EME Irnoonbounce) 
directory is available again. For a copy, 


send five first-class stamps or five |RCs 
to me (no envelope required} at Box 
7508, Menlo Park, California 94025. 
The directory is a 36-page list of EME 
operators, their QTHs, and the equip¬ 
ment they use. 

reference 

}. Frankc* and DfiLoon. ’’Broadband Noise Impiove- 
mmit in rt Power Arriplifkits," rf Design, November, 
1986 irf Design, 6530 South Vosernite Street, Engle 
wood, Colorado 80V V 
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DX FORECASTER 

Garth Stonehocker, koryw 
equinox season DX 

Sunspot minimum appears to be 
over until nearly eleven years hence. 
Even though a year or so will pass be¬ 
fore momentum helps the new cycle 
to build up to its maximum rate, the< 
return of the 27-day cycle (each solar 
rotation) has increased the number 
and size of solar flares and has solar 
flux energy topping 100 units again. 
This is expected to continue, gradual¬ 
ly increasing in 27-day cycle activity 
until a sunspot region comes around 
at least three or four times before 
dying away. In the meantime, the geo¬ 
magnetic disturbances will continue to 
be mainly variations in the solar wind 
from coronal holes, with an occasion¬ 
al flare-induced geomagnetic event. In 
either case, the disturbances affect DX 
fun adversely. 

Geomagnetic disturbances, or 
storms, affect propagation — and DX 
— in four ways. First, particles from 
the sun entering the auroral zone at 50 
to 70 degrees North and South lati¬ 
tudes come down into the ionospher¬ 
ic D and E regions, increasing signal 
absorption. This results in weak east- 
west path signals and few transpolar 
signals. 

Second, the F region of the ionos¬ 
phere (for stations in the United 
States, this is south of the auroral 
zone) has a depleted area of electrons 
that forms an electron density trough. 
The maximum usable frequency 
(MUF) for paths through this area de¬ 


creases by 30 to 40 percent (see the 
January, 1986, DX Forecaster for 
tables of MUF statistics). 

Third, and still further south at 20 
degrees from the geomagnetic equa¬ 
tor, an equivalent-size enhancement of 
the F region occurs, resulting in eve¬ 
ning Transequatorial (TE) openings 
during the equinox and winter sea¬ 
sons. These three effects vary in inten¬ 
sity and time on a short to long basis 
(seconds through hours), causing 
what we experience as fading and 
blackout. These effects continue to 
occur mainly each night for two to 
three days before ionospheric equilib¬ 
rium is re-established. The larger the 
geomagnetic storm (the higher the 
value of the K or A indicies), the closer 
to the equator these effects occur. 

Fourth, the particles form a reflec¬ 
tive curtain along the equatorial side of 
the auroral zone (for those of us in 
North America, this is south), enhan¬ 
cing VHF auroral scatter propagation. 
Six-meter openings to Europe are one 
result of this phenomenon. Just as the 
particle density and speed of the solar 
wind vary, so do the characteristics of 
the geomagnetic field and ionosphere. 
Ionospheric variations cause signal re¬ 
flection focusing and defocusing, 
which simply means that the signals 
arriving at your QTH will vary in both 
strength and angle of arrival from all 
four directions. Some locations you 
haven't heard from in a long time may 
suddenly be workable. 

last-minute forecast 

The higher-level 27-day activity may 
push up the maximum usable frequen¬ 
cies (MUF) during the first and second 
weeks of October, giving better 10-, 
12-, and 15-meter DX. Transequatori¬ 
al one-long-hop propagation is expect¬ 
ed to be underway again, especially 
around the 5th, 15th and 23rd of the 
month. This is because of a higher 
probability of geomagnetic disturbance 
at those times. During those same dis¬ 
turbed periods, the lower band's MUFs 
should decrease by 15 to 25 percent for 
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Electronics is an authorized distributor for 
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TELEWAVE ANTENNAS 
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(415) 960-44IX) • TWX 9103/95055 * FAX |415| 069 1/41 

CALIFORNIA CAllEMS DIAL (415} 96B 4400 


^ 183 



IF YOU BUY ; SELL OR COLLECT 
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ANTIQUE RADIO CLASSIFIED 

Antique Radio s Largest-Circulation 
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Sub Problem? 
Contact Sue. She’ll 
fix it for you! 
(603) 878-1441 

Ham Radio 

Greenville, N. H. 03048 


a couple of days at a time. This will be 
particularly noticeable on east-west 
paths, and with noticeable QSB. 
Otherwise, the lower bands should be 
best during the last two weeks of the 
month because of higher signal 
strengths. 

The Orionids meteor shower will be 
visible from the 15th to 24th of 
October, with a maximum rate of be¬ 
tween 10 to 20 per hour on the 20th 
to 21st of the month. The moon is full 
on the 7th, and perigee occurs on the 
4th and 30th. A penumbra eclipse of 
the moon occurs on October 7. 

band-by-band summary 

Ten , twelve, fifteen, and twenty 
meters will be open from morning to 
early evening almost every day, and to 
most areas of the world. The openings 
on the higher of these bands will be 
shorter and will occur closer to local 
noon. Transequatorial propagation on 
these bands will more likely occur 
toward evening during conditions of 
higher solar flux and a disturbed geo¬ 
magnetic field. 

Thirty and forty meters will be use¬ 
ful almost 24 hours a day. Daytime 
conditions will resemble those on 20 
meters. Skip distances and signal 
strength may decrease during midday 
of those days that coincide with the 
higher solar flux values. Nighttime DX 
will be good except after days of high 
MUF conditions and geomagnetic dis¬ 
turbances. Look for DX from unusual 
places on east, north, and west paths 
during this time. The usable distance 
is expected to be somewhat less than 
that on 20 meters in daytime and 
greater than that on 80 meters at night. 

Eighty and one-sixty meters will ex¬ 
hibit short-skip propagation during the 
daylight hours and lengthen for DX at 
dusk. These bands follow the darkness 
path, opening to the east just before 
your sunset, swinging more to the 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. The 160-meter band 
opens later and ends earlier than 80. 
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SPECIALIZED 

COMMUNICATIONS 

FOR TODAY'S RADIO AMATEUR! 


... ! 


«-SPEC-COM. 

.. w * .. *.u -*’ s 


48 

pages 

per 

issuef 






♦Since 1967. covering nil modes of 
A in a l e ii r Radio * k s p e c i a K y '' 
communications; Vast Scan TV, SSTV, 
FAX, Packet Radio, Computers, RTTY, 
AMTOR, Satellites, TVRO, Microwave, 
Lasers and more! H) issues per year. 
Back issues available, SASE brings 
TRS80C, C64, IBM software catalog. 
C.S. subscribers $20/year. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 

SPEC-COM Communications & 
Publishing Group 
P-O. Box H, — mm 

Lowden, Iowa “■■■ 

52255 5 °* Added 




Gordon West's 


21 DflV NOVICE 



$ 19 .’ 

Plus $2“ 
Postage and 
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CODE TAPES • 112 PAGE BOOK • BANDS CHART • ALL FCC FORMS 

SAMPLE TESTS • HOTLINE • PLUS MORE I 

ST€flGO IHCOnv* TflPfS CCX.1D (ii SUSSTlIUTCD fOfl TH? flOOH fOR THf VISURI.LV IMPRIR6D PURSf FISH US 

• $70 in equipment certificates from ICOM, K€NWOOD, & Vfl€SU. 

• Ham radio equipment "Wish Boohs". • laminated tuorid map. 

• RRRl membership forms. • Free CQ Magazine coupon. 

• Hotline for student questions. • Dealer distributor list. 

• School pen. • Course completion certificate. • license holder. 

GORDON WEST RADIO SCHOOL - «* 

2414 College Drive • Costa Ms so, CH 92626 • (714) 549-5000 


locator field list 

Do you Hke challenges? II tin; widespread 
accoptanco »1 the DXCC, WA2, find sundry 
othei operating awards proudly displayed by 
Amateurs thronijhout the world is tiny indication. 
I'm sun.« you tip. 

Folk# RosvaJf, SM5AGM. Ikis takiw ii upon 
himself to compile, on a per-band basis, the total 
number nt fluids worked by individuals His list 
appears in horn radio four times a year (see paye 
76 of dm July issue iur die (urn list published in 

these panes) 

’’But,” you ask, "Wbiit's a field?’' Glad you 
asked. According to the Maidenhead locator sys 
tern, tin* world is divided inio 324 fields or a mas. 
each 2D degrees wide in lunpuudnand 10 duijiees 
wide in fatmidt*. Though mosi on com pass (and 
nlasses. giuK! a low do tint; this means nn noun 
iries, no Islands, no reefs just waioi. So even 
1 1 you'vn worked every country r« thi* world and 
your name is at the top o( the honor rod, you still 
probably haven't worked all the fields. Fcji exam 
pie. )’n> very active on B0 muters, yet I've been 
able lo snag only 146 out of 324 fields. I can think 
<4 a number of other B0 muter operators who art* 
even mum active lhan l am. 

Have I tickled your competitive spirit-* think nt 
the ultimate challenge: work nil ffolds on aft 19 
hands on one sptifoitc mot Jo Some quick calr.u 
lilting shows that to be uh .6156 contacts. 
That’ll keep yon off thn streets (but probably rjei 
you into double with your family, vuuf employ 
er, etc. I Seriously, it's aft for fun. and you'll (earn 
a Idtl(> more geography in the process 

All the necessary r.teiails am included on the 
eccompany/nry chan, f-oiko would be very glad 
to bear from you. Please send yuur tabulations 
directly to him lies address at the bottom of dm 
chard noi to hunt uulio 

See you un 80! 

Rich Rosen, K2RR 
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products 


personal packet mailbox 

The Kantronics Personal Packet Mailbox is an 
inexpensive — $39.95 - firmware option that 
allows your Kantronics packet communicator 
(the KPC-1, KPC-2. KPC 2400 and the KAM) to 
funojion as a self-contained personal mailbox 
system. 

Until now, most popular packet mailbox sys¬ 
tems relied on personal computers such as the 
Xerox 820 or IBM XT using special packet bul¬ 
letin-board software written by WORLI or 
W7MBL. The Kantronics personal mailbox elim¬ 
inates the need to tie up (and run continuously) 
your expensive PC for simple mailbox operations. 

As with other Kantronics firmware updates, 
installation is as simple as installing a new 
EPROM, After installation you'll have to perform 
a hard reset of the TNC, which involves simply 
moving one jumper for the first power-up. The 
procedure is amply covered in the documenta¬ 
tion; several pages of instructions accompany 
the mailbox to supplement your original own¬ 
er's manual. 

The NULLS command has been deleted and 
eight other commands have been slightly 
changed. If you didn't already have the 2.3 ver¬ 
sion software, you'll benefit from the six new 
commands from that update built into the mail¬ 
box software. 

One of the more interesting and useful of these 
is the LLIST (Lid LIST) command. When it's 
turned on, the calls entered as SUPCALLS are 
ignored; they can't digipeat through your sta 
tion, don't showpn the MHEARD list, won’t re¬ 
ceive a (DM) if they try to connect to you, and 
can't use your mailbox. As far as your TNC is 
concerned, these stations just don't exist! 

Another useful command is MBEACON; when 
it's off, packets sent as beacons or ID's aren't 
monitored. 

Once the mailbox is installed and operating, 
you must enter your call. If you don't, the CMD; 
prompt won't appear. Once your call is 
"permed" into memory, you'll come up in the 
command mode immediately. 

On the air the mailbox responds to users' com¬ 
mands similar to those found on many popular 
WORLLtype packet bulletin boards (LIST, 
READ, SEND, KILL, and BYE). At your end, 
you'll use seven others to enter, list, or delete 
messages on your mailbox, and to set some mail¬ 
box parameters. For instance. PBBS N is used 
to allocate the amount of TNC RAM, in IK 
blocks, to be made available for the mailbox stor¬ 
age area. Up to 22K may be allocated providing 


the TNC has32K of memory. MYPBBS is used 
to enter the unique callsign for the mailbox, 
which should be different from the call used for 
MYCALL. For instance, if K12JH were used for 
MYCALL, K12JH-1 would be acceptable for the 
mailbox call. 

One of the nicest features of this mailbox is 
its transparent operation with normal packet 
operations from your station. You can carry on 
a packet QSO while another station is using the 
mailbox in your TNC, and by entering the com¬ 
mand mode, you can access the mailbox even 
if someone is connected to you or to your 
mailbox. 

While WORLLtype PBBSs can forward mail 
to your mailbox, the Kantronics mailbox has no 
provisions for forwarding itself, Mail sent to your 
mailbox is treated as "private"; unless it's ad¬ 
dressed to the connecting station or to "ALL," 
it can't be LISTed, READ or KILLed by that sta¬ 
tion. Upon connecting, stations are informed of 
any unanswered mail. 

Since messages in the mailbox are stored in 
volatile RAM, even momentary power outages 
will trash its contents unless battery backup is 
supplied to the TNC. As its name implies, this 
mailbox is intended as a "personal mailbox," 
either for individual use, or as a small club bulletin 
board for limited general-interest bulletins. Due 
to its limited RAM allocation, the number and 
size of the messages that can be stored are 
necessarily limited (although impressive, con¬ 
sidering the limitations). Once the memory lim¬ 
it is reached, future messages are lost. 

Several friends and I have been using Kantron¬ 
ics' personal mailbox for months with no prob¬ 
lems. Apparently The software was well written 
and very carefully debugged before the first ver¬ 
sions were released. The documentation is con¬ 
cise and explains operation and all of the 
commands except for the PBBS N command, 

* whose parameters were somewhat ambiguous. 
For marks, the Kantronics' personal mailbox 
rates an A t; we can fully expect this product 
to have a significant positive impact on packet 
operations. 

For more info contact: Kantronics, 1202 E. 
23rd St., Lawrence, KS 66046. 

K1ZJH 

Circle /307 on Reader Service Cord. 

updated fm dual-bander 

The new 2-meter/7Q cm Dual Bander from 
Kenwood puts out 45 watts on 2 meters and 35 
watts on 70 cm. Features include compact size 
(5.9 x 1.97 x 7.87 inches), and light weight (less 
than 4 pounds). With only three knobs and eight 
keys on the front panel, it's easy to operate. 

The large LCD display and main knob provide 
excellent visibility in direct sunlight or darkness. 
Full duplex crossband operation via repeater is 
passible (assuming, of course, that a control 
operator is available). 

The new Dual Bander offers programmable 
band scan and memory scan with memory 
channel lock-out. A lithium battery provides 



TURBO PC-XT 

COMPATIBLE 

• 4.77-8 Mhz 

• 256K Ram (to 640) 


• 360K DD w/Controller 

• Mono monitor 

• Monitor card 

• AT/XT Keyboard 

• 150 Watt P/S 
MAIL TO: 

World Data Enterprises 

P.O. Box 652737 
Miami, FL 33265 

( 305 ) 551-4023 

1-800-634-3547 

Call tor Free Brochure 

20 mg ST225 w/cont 

$325.00 

30 mg ST238 w/cont 
*with coupon S455.00 

without coupon $599.00 
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OMor only on Turbo XT System 



BRAND NAME DISKS 

5.25" DS, DD, SOFT SECT 


BY BOX 

1*18 

20*48 

50 UP 

MAXELL 

95 

90 

86 

NASHUA 

70 

65 

60 

3M 

1 25 

1 20 

1 16 

DYSAN 

200 

1 96 

T 91 

VERBATIM 

t 09 

1 02 

90 

XIDEX 

62 

56 

55 

- 

- PRICE PER DISK ~ 



BULK DISKS 5.25 ’ DSDD-RH 


_ 26 50-400 426-1000 

DSDD 40 30 37 

LIBRARY CASE -HOLDS 10 DISKS ,.1.99 

OVS FILE BOX -HOLDS 75 DISKS.8.50 

FLIP-N-FILE BOX -HOLDS 100 DISKS , , 15.95 

CALL FOR FREE BROCHURE 
OF MORE COMPUTER SUPPLIES 
(305)551-4023 
1-800-634-3547 

HOURS: 10 AM - 7 PM EST 
Mall to: World Data Enterprises 
P.O. Box 652737, Miami, FL 33265 
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RFI KIT 

Use ferrite beads and toroids 
to keep RF out of your 
TV, stereo, 
telephone, 
etc. 


Free catalog and inlorlorence tip shcel on request. 


P ALOMAR 


dTTTiT 


Box 455, Escondido, CA 92025 
Phone: (619) 747-3343 
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AUTO-KALL 

AK-10 


Aim Ktu a* to \ i 0! Vi £ii''!•}«/-> t? (annua »s> t»* fitf-nai 

).*)*<• iJii* rji -fii-jt VHF UHf fU »!.*.« wvm *t{ 

J-MMt Sf«Sv *«w JXMWUF ) (HJf* tOV* 1C*'W* rt:«3V U\*\ ,cy 

t.VUJUV Mt'( * '*ivt R< M-lfr «*'.f {*■',!*!((•< A u thf‘;«Y **»♦» 

in <me* »•#« ti» f^mi.rs a mi t*a *» -mer- nj>*n «• 

r'T<r<£j^ , X » 'cH t-ff 

• Ai-yS >mi!» *e <rf* • *#♦ ,w ISA* •*■■■ v?$r*n *%<» W 

• *«iciNn HoiAiifx*is ;a \&dt* • $sr4*t* ,MJ<ta»*ri»*u tatiienr- niiffit 
win *>3 llB &»» w **« i»ii *«o» iwtw» :4>m •» its.- »ff* «*i| f!<** •N’ 

• 9 • $ i£ WOC CMOS p»«»'r5f < s f«j* te* *:$t*4tuyi * lki<i i( ' 

I HffW <sj*j*r >•»{* i<V) pia.tOfO « Wriiyn 5**» (•»}«)• 

■ sHei * Of«WJM JJ ! t*» (J.g.fL 

Mo/ron Electronics 

695 W 21 SI 
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Become a 
DeVry VE 

DeVry VE teams have the 
advantage of: 

* Personalized service 

* Quick Accreditation 

* Free test generation software 

4 Out-of pocket expense reimbursement 

* Use of 800 number to communicate 
with the VEC 

* Generating their own examinations 

Contact: Jim Georgias, W9JUG 
DeVry VEC 

3300 No. Campbell Avenue 
Chicago, lb 60618 
(312| 929-8500 

|800) 327-2444 (oulside of Illinois) 
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THE RF CONNECTION 

SPECIALIST IN RF CONNECTORS AND COAX" 


Part No. 

Qetcrlplioi 

Prtco 

321-11064-3 

8NC 2 PST ZB rail coaxial relay. 
Amphenol 

insertion loss: 0 to 0.7SCR<. 

O.tOdB 

Power rating' 0 to O.SGHx, 100 
watts CW. 2 faw peek 



Isolation: 0.1 GKr4Sdb, 0.2 GHx 

S25 used 


40(111, 0.4 GHz.‘35db 

tested 

fi.J-82? 

PL-259 teflon Amphenol 

1 45 

11-259 ST 

UHF Male Silver TcJfcm. USA 

1 30 

UG-2MU 

N mic RG-8. 213, 214, Amphenol 

295 

UG 21841 

NMale RG-8 213. 214 Kings 

3 75 

9913/PIN 

N Male Pm for 9913. 9086. 8214 



fits UG-210/U & UG-21BU N s 

1 50 

UG-Z ID/9913 

N Male for RG-8 with 9913 Pm 

3 95 

UG-21B-9913 

N Male lot RG-8 with 9913 Pm 

4 75 

IJG-14UU 

N Mate fo SO 239. Teflon USA 

5 00 

UG-83'U 

Female to SO-Z39 teflon USA 

5 00 


"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

THE R.F. CONNECTION 

213 North Frederick Ave. #11 
Gaithersburg, MD 20877 

(301) 840-5477 

CASH PRICES 194 
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backup for ten memory channels that store fre 
quency, offset, and subtone. For odd split or 
crossband operation, two channels store trans 
mit and receive frequencies independently. 
Thanks to a nonvolatile operating system, all 
operating features remain intact — even after 
the memory backup cell dies. No reprogramming 
or board-swapping is ever necessary. 

Separate antenna ports for VHF and UHF are 
provided, Optional features and accessories are 
available. For more information, contact Ken¬ 
wood Communications and Test Equipment 
Group, 2201 E. Dominquez Street, Long Beach. 
California 90810. 


new compact amplifier 

The HL 37V from Tokyo High Power Labs is 
a compact amplifier designed for 144-MHz 
fm/SS8 hand helds and portable transceivers. 
The unit has a built-in variable gain RX pre-amp 
which uses a low noise GaAs FET. 

The unit features an LED power level indica 
tor and front panel with a smoked polycarbonate 
sub-panel so that LED lights can be recognized 
only when they're lit. Combined with a hand-held 
transceiver, the HL 37V boosts power from 2 or 
3 watts to 30; rf driving input between 0.5 anti 
5 watts is accepted. A built-in RX GaAs FET pre- 
amp allows clearer reception of noisy or weak 
signals. Gain is continuously variable from ~ -20 
to + 14 dB; an effective low pass filter minimizes 
spurs. 

Priced at $99.95, the HL 37V also features the 
fm/SSB mode select switch on the rear panel, 
A 1 -second delay during changeover from RX 
to TX prevents relay chatter. 

For details, contact Encomm Inc., 1506 Capital 
Avenue, Plano, Texas 75074. 

Circle 1304 on Reader Service Card. 

I 

RFI-free choke kit 

MFJ Enterprises, Inc. offers the MFJ-701 RFL 
free choke kit that eliminates RFI problems that 
affect TVs, radios, stereos, telephones, VCRs, 
computers, PA systems, burglar and fire alarms, 
test equipment, moderns, monitors and other 
electronic devices. 

Although winding an offending cable or wire 
around a ferrite toriod generally eliminates RFI, 
it's often difficult to find a toroid with the prop¬ 
er characteristics that has a large enough hole 
through which the end of a power cord, ac 
adapter, microphone cord, or speaker leads will 
fit. Priced at $}4.95, the new MFJ-701 kit, how 
ever, gives you a package of four RFI-eliminating 
toroids (with complete instructions) which not 


only have the right properties for eliminating RFI, 
but separate into halves, making it easy to wind 
nearly any kind ol wire or cable around the tori 
od. The toriod halves then mount in a snap 
together p/astic frame. 

The individual toroids also snap together into 
a stack, increasing their effectiveness for large 
diameter wires when only a few turns can be 
wound around the toriod. 

For additional information on the MFJ-701 
RFhfree choke kit, contact MFJ Enterprises, 
Inc., 921 Louisville Road. Starkville, Mississippi 
39759. 

Circle 1303 on Reader Service Card. 

rack-mounted paging 
encoder 

The PE-1000RMA, a rack-mounted version of 
Communications Specialists, Inc.’s PE-1000 
Paging Encoder can be mounted in a standard 
19-inch rack. Like the desktop PE-1000, the 
PE 1000RM is capable of 100- ot 1000-call paging 
capacity in the two-tone sequential signaling for¬ 
mats. Five tone sequential and REACH formats 
are also available. Programmable features include 
code plan and group selection, group call, dura¬ 
tion of tone and delay timing, choice of alert 
tones, and automatic page. A non-volatile mem¬ 
ory retains the programming if a power loss 
occurs. All standard Motorola and General Elec¬ 
tric groups are included in every unit; non 
standard tones from 250.0 Hz to 4000.0 Hz may 
be special-ordered. An output for printing a hard 
copy record of all paging activity is provided, and 
an automatic self test is run each time the en¬ 
coder is powered up. The price is $324.95. 

F 01 furtef details or a free catalog, contact 
Communications Specialists, Inc., 426 West Taft 
Avenue, Orange, California 92665-4296. 

Circle 1302 on Reader Service Card. 


overvoltage protection 
devices 


CSE Technologies has introduced a compre 
hensive line of Sutgeguard devices that provide 
virtually unconditional overvoltage protection for 
computing, control, communications, measur¬ 
ing, and home entertainment equipment. 



Surgeguard devices include the LSA- ! Line 
Surge Absorber, which protects against over¬ 
voltage originating from signal/data/telephone 
lines; the Interguard*, which protects the CCITT 
V,24 digital interface of terminals, computers, 
and modems from overvoltages originating from 
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Program For Your 
MS-DOS® Compatible Computer 

★ Complete Cursor Control 

★ Room to store complete 
address information 

★ A Real-Time Log 

★ Total QSL's by State 

★ 900 QSO’s on floppy, hard 
disk limited by space available 

Introductory Offer 

83495 * 

"Ohio resident must add 
5% sales tax. 

Make Checks Payable To: 

MOB LAN SOFTWARE 
P.O. Box 2400 
East Liverpool, Ohio 43920 
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interface cable; the Powerguard‘, which pro¬ 
vides protection for equipment connected to AC 
mains supply; Comguard*, which protects 
terminaband modem remote data stations; 
Termiguard*, which protects remote terminals, 
and Modemguard*, which renders modems im¬ 
mune to overvoltage damage. 

A number of different Surgeguard models can 
be fitted in the same enclosure. Enclosures can 
be stand-alone, rack-mount, or plug in modules 
for circuit boards. For more information, con¬ 
tact CSE Technologies? P.O. Box 308, New Lon¬ 
don, Minnesota 56273. 

Circle 1306 on Reader Service Card. 



Generate 
Your Own 
Electricity 


I uweds of 
Isahsited owners 

are now using Ihe WINDS!REAM* WIND 
GENERATOR to provide power for RVs. weekend 
collages boats workshops, remote locations, emer¬ 
gency back up power and much nxxe 

Portable.weighs only 20 lbs ea&iy installed with our 

comprehensive installation manual.minimum mainten¬ 

ance—full warranty 


Thermax Corporation HM 3 

One Mill St., Burlington, Vt 05401 802-658-1098 
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IC-900 mobile transceiver 

ICOM's new |C 900 mobile transceiver is the 
first fiber optic multiband mobile transceiver that 
allows you to operate up to six bands ranging 
from 10 meters to 1.2 GHz with one controller. 

The IC-900 includes an ultra-compact remote 
controller for remote mounting, an Interface A 
unit, an Interface B unit, an SP 8 speaker, an 
HM-14 up/down DTMF microphone, plus fiber 
optic and controller cables, 




^ CADDELL ^ 
^ COILCORP. ^ 


35 Main Street 
Poultney, VT 05764 
802-287-4055 


BALUNS 

Get POWER to your antennal Our Baiuns are 
already wound and ready lor installation in your 
Iransmatch or you may enclose them in a 
weatherprool box and connect them directly at 
the antenna. They are designed lor 3-30 MHz op 
oration (See ARRL Handbook pages 19-9 or 
$ 20 lor construction details.) 


100 Wntl (4:1. 9 1.9:1,01 1:1 lmj»ed<mte— »*l«ct one) HO 50 

Univwsii t r«njm«tch 1 KW (4.1 Impedtnco) 14.50 

Umveiul 2 KW|4:l (mp«dence) 17.00 

Umvei**lTnifi*fli»ith t KW (6:1,9 i.or 1:1— aeirct on#) 16.00 

Umvctal Tr»niMH»lch?KW(&:l,a i.o< 1:1 otto) 18.50 


Ploaso send largo SASE lor info 


Measuring only 1 x 2 x 5.7 inches, the re¬ 
mote control display can be installed on your 
car's dash or sun visor with supplied Velcro* 
strips. Simple to operate, it's equipped with a 
large LCD for easy viewing. 

The IC-900 allows the operator to listen on two 
bands simultaneously or transmit on one band 
while receiving on another band (for true full 
duplex crossband operation,) All subaudible 
tones are built in, and the actual subaudible fre¬ 
quency is displayed. Ten memories are available 
for each band, with individual PL tone and off¬ 
set programming capability. 

Two scanning systems are available: program¬ 
mable band scan and memory scan. Fiber optic 
technology enables a 3/16-inch cable to trans¬ 
port all data between Interface A (installed near 
the driver's seat) and Interface B (installed in 


trunk or rear of vehicle!. Fiber optic cable also 
eliminates rf feedback. 

Separate rf modules will be available for 10, 
6, and 2 meters, and 135, 75, and 25 cm. 

For information, contact ICOM America, Inc., 
2380 116th Avenue N.E., P.O. Box C-90029. Bell 
vue, Washington 98009 9029. 

Circle /305 on Reader Service Card. 


repeater controller 
upgrades 

ACC has announced two new upgrades for 
the RC 85 repeater controller. 

Version 3 Firmware nearly triples the synthe¬ 
sized speech vocabulary to almost 500 words, 
making it easier to remotely program useful ID, 
tail, and bulletin board messages. A Kenwood 
TS-711A or TS 811A transceiver may now func¬ 
tion as a synthesized remote base transceiver, 
with control through its serial port; support of 
these transceivers simplifies adding a remote 
base to the repeater system. 

Many additional enhancements such as patch 
redial, more macro sets, zero hang time mode 
are included. The price is $125.00. 

The AD 1 Audio Delay Line board provides a 
75-ms audio delay from the repeater receiver to 
the transmitter. The benefits are squelch tail 
muting and complete touchtone muting through 
the repeater, resulting in pleasing repeater audio. 
The audio delay feature, an innovation ACC in¬ 
troduced in the RC 850 controller, is now avail¬ 
able as an option for the RC85, priced at $150.00. 

For additional information, contact Advanced 
Computer Controls, Inc.. 2356 Walsh Avenue. 
Santa Clara, California 95051. 

Circle /308 on Reader Service Card. 


multimode TNC 

The new Heatbkit HK-232 Pack-Klt ,u Multi- 
Mode TNC kit — a versatile addition to Heath's 
expanding Amateur Radio line - takes the has¬ 
sle out of getting into RTTY, lets users run CW 
at speeds from 5 to 99 wpm and works on AM- 
TOR, ASCII, hf, and VHF Packet. It decodes 
Weather Facsimile pictures onto Epson- 
compatible printers. The Multi-Mode TNC works 
Packet in both HF (300 baud) and VHF (1200 
baud or up to 9600 baud, with an externa! 
modern.) 

Adding the HK-232 to a radio and computer 
lets the Amateur get on the air in every mode. 
It connects to the radio's PTT line, speaker out¬ 
put, and microphone input for interchangeable 
VHF and HF operation. The same connections 
work for all other modes including CW. 

Amateurs can connect both their hf and VHF 
rigs at the same time, to allow switching be¬ 
tween VHF Packet and copying a WIAW RTTY 
bulletin on 40 meters with just the push of a 
button. 

A unique "SIGNAL" command causes the 
Pack-Kit to determine the correct RTTY, ASCII, 
or AMTOR mode for the signal the Amateur is 
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listening In 11 also presets baud riito and mode 
and will invert the signal if necessary. All the user 
does is type ‘'OK." 

Thu HK 232 even handles American Standard 
Baudot I Western Union). Japanese Katakana 
Morse, Cyrillic I Russian) Morse, and translated 
versions of Cyrillic and Kniakana. 

The Pack-Kit will copy signals that seemingly 
baffle other units. The HK 232 leatures an eight 
pole audio bypass filter lollowed by a limner dis¬ 
criminate); will) automatic threshold correction. 

No special software is required to operate the 
HK 232 Pack Kit TNC. it can be used with any 
modern communication package you may al¬ 
ready have or an optional program written spe 
dfically for Hie HK 232 and a Hearhkii/Zenith 
PC or PC compatible computer. It connects to 
a terminal nr computer through a standard 
RS-232 serial port at baud rales from 300 to 9000. 
A step by-step, easy to understand Operation 
Manual is included. 



For more information, send for a free copy of 
the Heathkit Catalog; contact Heath Company. 
Department 150 945, Benton Harbor, Michigan 
49022. (In Canada, contact Heath Company. 
1020 Islington Avenue, Department 3100. Toron¬ 
to. Ontario, M82 523- 
Circle /301 on Reader Service Card. 


trap antennas 

Spi-Ro Manufacturing offers a complete line 
of both dipole and vertical "sloper" multi-band 
trap antennas that cover all Amateur bands from 
10 through 160,meters. 

The lightweight, sealed, and weather proof ud 
traps feature rustproof solid brass terminals thai 
require no soldering or jumper wires. Easy to in 
stall in the field, they handle full [lower, and al 
low users to work multiple bands with a single 
antenna. They’re suitable for ad transmitters, 
transceivers, and receivers, and are led with coax 
via a standard PL-259 connector. 

For more information, contact Spi Ro Menu 
faciuring, Inc.. P.O. Box 1538, Hendersonville, 
North Carolina 28793. 

CircJo /309 on Reader Service Card. 


SAY YOU SAW IT 
IN 

HAM RADIO 
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2 METER AMPLIFIERS * ATV CONVERTERS 
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ARRL A Central Division 


Convention y HAMFEST 
Saturday, October 31 Sunday, November 1 

8 a.m. to 2 p.m. • both days 

Norris Sports Center - St. Charles, IL 

All Indoors • Commercial Exhibits • Flea Market • ARRL Booth 
FCC License Exams • IConlesfs ■ Demonstrations • Hot Food 
Admission: Adv. $3 - Gate $4 Talk-In: 145.47 (-600) & 145.21 (-600) 



Sponsored by the 

Fox River 
Radio League 


Tickets 

P For*. rsyFXQ 
104 May St. 

W Chicago. IL 60185 
312-231-8841 


Dealers 

C. isely. WD9GIG 
736 Fellow* St 
Si C ha lies. fL 60174 
312 584-4925 


October 1987 GB 35 



















































































































* nftirket 



RATES Noncommercial ads 10$ per word; 
commercial ads 60<£ per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy Ham Radio can¬ 
not chteck each advertiser and thus cannot be 
held responsible for claims made, liability for 
correctness of material limited to corrected ad 
in next available issue, 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H, 03048. 


ANALOG AND RF CONSULTING fur i!»; San F’mf'V.sco Bv-y 
area Long. Ph D N6YR i-lOfn 733-8329 

TEST EQUIPMENT WANTED. Don't wan well oav 
'or LAT MODEL HP. Tc»<, etc. Call Glnm- N7LPK, at Slajuron 
ics Co. 1000: 356 TRON 

-HAMLOG'' COMPUTER PROGRAMS. V? mrHfUos 
<K to logs. 'AM'b 7-lxird WAS L^XCC Fi.ll features. Apo't? 
519 95 IBM or CP ■ IV $74,35 K A ‘ AvVH POR 2016. ^twhtwlv. 
MIA OlOfiC 

RV OPERATORS are im-sied to ir $» ; n 2 PMC. <4 240 
- b Ties T*w.nu3 PMC 3.880 ■ b C,v»H Sum RV N*. l-do 
SAS- KJ4RO 

FREE HAM CATALOG. SASE Baur. 2349 HE P* rn 

bay, K 32905 

HOMEBREW PROJECTS. SASL VYfcSZEUf 3ox h&, 
HflCtplOU. M v H937 

YAESU FT 727 R COMPUTER INTERFACE. I o 1 ' k.'c wit* 
oi'ialrl Hr./;s''ii Consulting 1581 'A'eodland, Pule Alto CA 
94303 " . 


TEN-TEC CORSAIR Model Sot. w h> 280 power s.ipply adrt* 
rrrifV* 1 2nd 8 pnie 2 4 KC M;e- nlus 1 H KC oral !4X) H/ Mir*s $845 
w shipping. Ah A PK 64 w' Hr modem. w sh pping $ 13C Vi Pi 
Versa V Vcd 989, 3 KW w ' shipping $145 Ail items mini 
tonrM.Of) flb/h.'i'd B Stover s. 'A'OW.., PfTR 118 AshuMot, 
• NH 03441 1802; 239 60/9 

EIMAC 8877 less than 10 hoj’i use with I i ament traos'onvkv* 
$330 shipped Hxewird -8 Stevens. VVlQSd, POS IIP, Ashueoi. 
MH 03441 

COMMODORE REPAIR. AA: are :he Ir-rgesr oldesi Authored 
Service Certain the country !<r* C64 439.95;. 72 hoot turna 
round Call Toll Free * 800 642- 7634 (outside- N v ;9l l 366-2131. 

Microsystems. 'nr. , 33 M-J'tay Hi l Owe, Spring V;.-H«y, 
NY 10977 

COMMODORE CUSTOM CHIPS Ur C64. 158 Computer 

Peripherals al low pr cos. 24 nout oelrveiy 
#6510-$9 S$*>5?6*S9 95. *666/ $14 76 *6581 $‘2 RS 

PLA $ :0.3b. 901 ROMS ai $10.95 each. C128 ROMS $39 36 (set 
of 3) and many others "THfc COMMODORE DIAGNOSE Cl AW . 
A rcvtiphue diagnostic refe-t-nre r.hSfl for fmng Corrmodoip 
computers. etc. An iibsoljte r'nst for i•Vise whe want n < x 
•her owr •"cmpu'ers and save rhoney and down time. $6 96 pu.iS 
poi'aeji. .HO Power Supply fui C64 96.. St-t’/l foi co-iu>L:te 

1 1 i|>s tK,rts e-Hu ny K^sxiu* Mirro^v^tcn s. T>r: . 33Mx»r r ri> H'I 
Dm-r. Suiiry Vallnv. KV 1C9/-' WK)- 2*8 2283 IouskIc N v :- or 
914 356 313’. 

l 


CODE PROGRAMS. APPLE/C-64. 37 modes LARES CO ROB 
2018 170P Rmy Road. Calumet City, il 6>14C9 1 31? 891 3279 

FREE SELL'WANT LIST. V/A6(itH, 3241 taatwocnl Prl, 
SdC'arnento. CA 96821. 

FOR SALEfYaesa FT 'ClEE, CVV' filter, desk trie, coyer, 
manual or yirul bux excellent cor relit ion Upgrading $550 Mair 
Tys?ka *29 Wesl Rd. Collinsvilk*. C 1 " 06022 i'203# 69.3 0468 
IWAlHHt'. 

WANTED: External F requency Disolay YC-76 for Yaitsu PT7B 
W4YKH 8.ir CilJJ coJIrci I7C3; 333059. 


DENTRON RADIO COMPANY-The Aw D. nrcn R.idro 
Company. Replacement pa'is, ttfclwical iiifonralinn, new prod 
acts. We will service ary Oam-on Rad o products Models 01 p 
pertyr. L ML A 2500 GlatOOC senes, MT3flOOA V LA 1260 
DTR2000. DTR*2Q0l , MT200CA or any Uentron Radio p'Od id 
Please call or write Wo will do our best to serve you. Dention 
Radio Company, l ie. PU Box H, tasc Kockav.ray Maw Y crL 
M518 Cal '516> 536 2620. 

23CM FM TV. f ort fine of medvires. Tsdiftil tirt'^rorks AOFIn* 
1743, Melbourne. TL 32902 

* 

IBM PC RTTY/CW. New ComuRifv 1 is tlie cPn>pJetc 
RTVY'CW piogrini for IBM-PC's and scrnpatiblrjs. New with 
arger buffets, better support for pocket units, p etores, rucli 
more. WiLaily ary sowed ASCII, BAUDOT. C'A' entry via 
Dxiilt in jereer' ecuto- 1 Aojustatle split screen display irstant 
inode speed ohancic. Hardcopv, distcopy, break u buffer, select 
r.alfinrf texr fi'« transfer, custmnr?o;>Je fuf. $f;re#n lor)gii>qj 24 
programmable 1000 character messaoes. Ideol fur MARS and 
traffic handling. Pegures 256k PC or AT cot pa til tie, senai po't, 
RS-232C TU $65 Smfcal' feftc-rs f'.’u.Jrjcling VARS* with urdei. 
David A R.ce, KC2H0 2b VILige View Bluff. HaHsion Lake. 
NY 12019. 

SLEP SPECIALS: JenningsUCSL 1000 vacuum variable capa 
t: tors 13 11iu 100C MMFD al 5000V with gear drive train a id 
•ncun<teg bracket foeat for mat Ijnear ampfcfie.' ci timer $69.50 
Plate hansforintMs Gonsel P. N 271 107 fpr models 303, 913A 
?'6M VHF linear amp ifier using 4X150A 4CX250R. 16541 VDC 
at 400 MA s'ce inches 5 1. 4L > 'l l - 2W k 4 1/4H for replace 
nen* or amplifier construction $37.00. HP8O60 slotted line 
500 Ml-t; Ovu 4 GH, $276 00 HP86403 500 kHz 10/4 MH/ 
$5,300 00 Teki/oni* 345P rxsc'l las cope with CA dual trace plug 
in $376.00 TS 5 ? 0A signal generator 10 MHz <120 MHz m.ir 
lary version of HP608D $275.09. HF606A sigrial generator 50 
nHz thru 63 MH/ $37b 00. Have puannly a I iiems satisfarmr 
jjiiiiniw'l. V SA, M-'Cor clieck. Adtf Shipping, Phone Bill Slut' 
7l*3i524 761S Sicp E?oc:mmcs Company Highway 44’. Otto, 
\C 28703. 

MEASURE VSWR, artermo pa ters, match circ i«t n»pt’dances 
•roT 10)kHz :o2 GHz vv*ih uorlaple scalar netwot-t ai'.alyzers 
Wnte tor details Direct Cor version Technique 3132 North 
Ljwel Avenue Chicago ill ros 6IJ641 .3121283 1690. 

CHASSIS, CABINET KITS. SAS6 K3'W\ 5‘20 Harmonv 
Grove Ruad Dover, PA 17315 

TELEVISION SETS made b^tur* 1946 e^rly IV parts, iitera 
tut c- wanted ft r iiibCtontiaU.ash tspeclOlly i .U.i - sU d m in tro- 
.*• the bcl and sjxni’-my disc tv's R rirfit s tee p:«:J loi loads 
Arnold Chose. 9 Resale gn Roac. West Hardoul. Conn 06117 
203: 5230 

ENGINEERS request free catalog ef E ectnrnc- Softwam. Cn 
■.:uit analysis filtt*r design, graphu'*;. eio. [}V Fr giueHriny, 2?;)G 
Business Way. 5.nte ?C7. Riverside, CA 9259*. ;7l4) 781 0252 

REMEMBER TROLLEY CARS? Jrtitoy Ttva-,uu:s: 7ho War 
Ye.irs m New .;e. r $ey 11939 19471, a 4 volume pirn 

•■.7c;o<.(niit*«u.iry !■»:•.m#v. ,,m o ItrC'O titijX/h J <*.h<;.*t. ,y*/vif 

phuiograpli-pus ex tens've historical notes. Volume I. Thv Cjoi- 
.'.rvntrze ft % njf Cure ?.)/ Puhftc Se'vno Coo r Om;iU>ti Ti.in</u.<ri 
leadv now SASF *0’ details Tor'irftu i.i>nt;r’,l Trjlr.'y rhymes 
A.W. Vankoff. 2237 3 Wocdsd’i Laro S.k roniemo C.A9b8?6 
$14 95 Plus $1 6)0 SfrHJ 

SSSSSSUPER SAVINGS or electron c port : eomuor ents. 
supplies and x:omputer accessories. Free 40-•‘age cuafoq k>' 
SASE Get mi cm' mailing l.rit BCD FLfcC'RO. PG Box 830119. 
R«< hardsui . TX /5093 or call 12 <4! 69C * 102 

RTTY JOURNAL—Now :ri n? 30th yeai. J.rir- the <,rr• :f T - o' 

dTTY ‘nenrls *'on' all nv»f Ihi- woik: YemY. subscoptiO!* to 

BTTY JOURNAL $ O.CO tjio-vin $15 00 send to RT’Y 

JOURNAL. 9085 La Casita Ave.. rouotaui vitvy CA 927C3 

* 

1MRA |. Lei Manorial Viss on Ra Jto Associiitio r heips nussiun 
n-ics Equi;»mer( loaned. Weekday net. t4.2. l rC MHz, ; 3 PM 
Eastern N ile hurdrec: Amateurs 40 eoart'iits. Rev. Thomas 
Sable S J Uruvi.-fsuy of Scranton Scmidon. **A IHb 10 

WANTED Manuals aril Cables ; or Type 4BM-5 Rrv', Jane 194? 
a"d 0C7 20086 power unrt D Palmer WfPrlt 1 , 638 Bsmvcixrr 
Avenue, Los A'ros. CA 94U22. 

BACK ISSUES HR Magazine from Vol 1 No * ilira 1986, except 
l issues SlbLhor ai' postpa-o Aiso Pop' rrmi. s, RE, 73 fwck to 
1961 $-5 00 fgi yea*. V7ute win youi needs. Bill r ossmai'-, 632 
Wet more, f.vernlt WA 98201 

CANTENNA NEW $3(1 0(1 1 kw Hum K,>/ur n'odel HKhA new 
$40JX' 1 . Ruler inductors Johns.:.!- .:nd B W $2C.D0 each M C 
J<me$(>uA‘«»r tueti»i 1 kw w fh rex.vHJS 

ting tubes $20 00 each. C E ICO? C l 7G JO, /5S3 reonvcr 

>1'h.fM'r. Colins Brown Srtnp-.cn M< /6 memory He drone 



keyer $125.0C mint. Keai new Gonsc; GSB 100 $125.0C, Eifccu 
C0F exriier Si50 10, mmiaiurr luues $1 OOeach, Dctals loctti 1 -; 
S2.00 each Levy. WSQJT, 2833 Junction Hwy Np 15. Cer- 
vitle, TX -8078 16121 367-4741 

MARCO: Medrcat Anvn^ur Rad.o Cr-un*i., Lto, oner ares iai'/ 
ard Sunday rets. Mthlicolly OUcntCcf Amaicurs fphys.Ckni, dcr. 
iisi$, veiemauans. muses, pivsn’otf-©rapists. iab tectnsiciarss, eie.' 
Med JO (Off> Presenlly cvt*i 550-'nembtri Fur information writ.* 

MARCO- 3ox 73'$, Acme. PA '561C 

RUBBER STAMPS: 3 lines $4 50 PPD. Send chec^ ur MU 1> 
G.L. Porno. 6621 Buxdale W-ay, San Diego. CA 92117 SASe 
bungs information 

ELECTRON TUBES; Ceouivnuj, ridrs'iiitiimj, microwave. . 
All types available large slock Next day oeucry, most 
cases DAILY bLECTRCNlCS PO Box 5C29, Compton, CA 
S0224 (313: 7?4 265 

CUSTOM MADE EMBROIDERED PATCHES, Anv size, shaor:. 
colors Five patch runhum. Free sample, prices and ordering 
infou^aiiou. NE<N SPECIAL TIES, Inc., Dept 301.420? N Draxu, 
Chicago It 60618 

RECONDITIONED TEST EQUIPMENT $1.25 *ur cafalui: 
Walter 7697 Nickel S:iu Pablo CA 94806 



COMING EVENTS 

Activities — "Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASC INDICATE IN YOUR ANNOUNCE 
MFNTS WHETHER OB NO’ YOUR HAMF5S T LOCATION. 

classes, exams meetings, flea markets, etc, are 

Whtc-CHAIR ACCtSSIBLF THIS INFORMATION WQJL J 
BE GREAT I Y APPRECIATED 3Y OUR BROTHER $ STfcR 
HAMS WITH L'MITCD PHYSICAL ABILITY. 

CONNECTICUT: Novel, bet 15 SCARA Irdour Ham fbaiu und 
Computer Elea Market, fil Haven Park and Recreation Cerne. 

7 Linsley Si N Haven. Sellers admitted at 7 AM; bavet$ *r:nr> 
9 AM to 3PM ft Tables are $10 ih acvanr.o. $16at th'idoor Gen 
eral admission $2 per pc-son T olkm nn 146.61 MMi Resetva 
tior s for tables rn.isi be prepa.d by November 4, 1987and no 
reservation ny [thon* 1 For .rforrnaticr nr resetvanons SASE to: 
SCARA, POft Si. N (Oven, C‘T 064,-'3 or cart bwi -it <2Q3> 
265 6478 hetwe'e 7 PM and 10PM 

INDIANA Nnvviiorf 8 Tti<: Allwn CrHiniy Arraim.i ractic f< j .:ii- 
«iir:al s*.ic «ty pn-scutS ,is -6th amui.il Fo?t Wayrnr Himltrsl Al»:n 
Cmn'.iy Meemual Col seum, Coh.ei.r.i Blvn. 

8 AM to 4 PM General ^dmixyion $3.50:advance; $4 00 dour. 
Cfn’eren il ar»e jnr<*r free V5 exams November 7 bv advance 
rcgisltul on Only, foiiims. Other nc:iviiii'S. Nlrarbv motets 'inrl 
restaurams For rrc-r< tn'ornianob or .enervations contac.i A C 
ARTS Hamfest POCf 10K2 Fori Wayne. IN 468M hoi **t:>r 
matic*'. ON: Y Bum e Helm <9^DF. f-la-rfest Charnan (3191 
485 0164, 6 to 11 PM EST 

OKLAHOMA: Octr 4. Sail Plains ARC Eyeball OSD Pnuy 
sotuh sr«J<; of Soft Pkrrns Lc-ki,-. Word- Cerlra; Okfahorfid. f »rk 
in on 147.30 30 Or itdll Gary Geibor. \B0HH 316: 812 SJ-'9..r 
842 6155 

ILLINOIS: Qcirofer ii aid November 1 The: box Rivet R.*:ho 

League is ... the AHRL s CenUul Divisice Cooveldion 

as pa-1 of a H-vntaS’ic Weekr'iid. Narrix Sports CreiTO' nf R) 64 
m Si Charlc-'i, anou 35 mU.-s west o’ Chicago. 8 AIV to 2 PM 
tjetn days T-oio-K S3 J(t advance. $4 00 (T>:>or gped for 
days indoor fleii -l'.irkv, fortrms semrt m/s anr: :*?rh demos 
txbiY's for all l-.-.ia'Se Passes For .xlv.iincj ti;:l<et.s ur luhfn'-o 
(■on on lanes or Mams contact Phu r <_>»?,, N9f XC. 1J4 May 
SI.-U -, Wes; C'licatjo, IL 60185 Ml?: 231 3841 SASE aj:pnu 1 
(■.c T a Ik .n on 145 4,; • (iPOi and 14621 1 000' 

ILLINOIS \li>v»:ml>iri 1 if.t,* VVaukv-g!!!' LAF' wrtl ht:h| r /|h 
arnaal Hamliwi ...ike Ccu-niy it grounds. Frs 120 aial 16 
C*ra v slak^. 7 An' to 5 PM Laige mtlco- 9ea rvnirki.'t ualei-mu. 
fn.-e jjarking t.ilJr-s $5.tY) Dr.nation $3 fi() For irlorftMVai .r»Nl 
rebervatiunt- SASE f« CAP, 637 L'TietjlJ Sheer. IVuncklrm. L. 
fifJ96f: 

MINNESOTA: O • t<>!n*r 3t do third Hfi-uial Haiti**-si Mi-ii . •-.uia 
ai;{) Cor-ipi.t»‘f E.i(p;'>. sponsored by the Twu l.iiy FM Club. 
Htrnepin 1 vt h ncal Center N.irth Campi.s. 9(X)0 Brooklyn HIvC. 
Brooklyr Park 7 3:1 AM rp j lO PM. A a r>asso t $3.50-A.lv.rue. 
$4 50 door Cues' speakers Tony Luglanc, V/OORE tine IJo-jg 
ULtfip New L'W contest k CC#>x5irs giant indoor *k>;» pi|.-rki*l 
and nint h mure 1 Tr*lk n an 16 76 Pc * irfnnvutr « ur r>:i|i:-jia 
In.n SASf lo Haiidru: M nnosota arvl Computer F xpn Bn> 726. 
St. L;>iiA ihjrk MN 65476 

NEW YORK: Cotcboi (7 Tin- Ratbo Ansi lours nl Gruatr?- Syia 
r DC*- -a- JI hod T.K-if 3?nd H.mifwi, Arts and Hume Cm 4 a- Ni:\v 
v Oif State F at:grounds. Cirri-t irtlotir flee Markci, t< *.? I.ilk:-, 
confess tMiiertann-erd Programs fr:r non fiums. Tgitgat ng .i»ea 
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S3.00/caf. Indoor flea market table $6.00 furnished General ad 
mission $4.00. Under 12 free. FCC walk in exams start 12 noon. 
Novice through Extra. Talk in on 146.31/91 and 147,90/30. For 
information call Ed Swiatlowski, WA2URK 1315) 487 3417 of Viv 
Douglas, WA2PUU (315) 469 0590 or write RAGS, POB ;88, 
Liverpool, NV 13088. 


October 17-18: The Edmond ARS, a Special Service Club, will 
operate W5ERY from 1700Z to 1700Z in celebration of its 30th 
anniversary as an Amateur Radio club. Members will operate 
from the shores of beautiful Lake Arcadia For a certificate send 
9x12 SASE, 39 cents postage, to Edith Vaughn, KA5YPX, 1020 
Juno Circle, Edmond, OK 73034. 


OHIO: October 25. The Marion ARC will hold its 13th annual 
Heart of Ohio Ham Fiesta, Marion County Fairgrounds Coliseum. 
0800 to 1600 hours. Tickets $3/advance; $4/door. Tables $5. 
Check in on 146 52 or 147.90/30. For information, tickets or 
tables contact Ed Margraff, KD80C, 1989 Weiss Avenue, 
Marion, Ohio 43302 (614) 382 2608. 

ARIZONA: October 3 The Cochise ARA will hold its annual 
Swapmeet at the Club's Training Facility on Moson Road, Sierra 
Vista. Talk in on 146 16/.76. No charge for tailgaters Refresh 
ments available. For information Jacquie Kelly, KD7DZ (602) 
458-4107 or write CARA, POB 1855. Sierra Vista, AZ 85636. 

OKLAHOMA: October 24 25. Texoma Hamarama '87, Lake 
Texoma Lodge, Catfish Bay, east of Kingston. ARRL programs, 
non-ham programs, Amateur exams, indoor/outdoor flea 
markets and more. Banquet, entertainment and dancing. For 
additional information contact Texoma Hamarama Association. 
POB 610892, DFW Airport, TX 75261 

NEW YORK: October 18 Raindate October 2b. NYC Largest 
Hamfest sponsored by the Hall of Science ARC, Hall of Science 
parking lot, 47th Avenue and 111th Street, Flushing Meadow 
Park, Queens. 9 AM to 3 PM. Buyers donation $3.00; Sellers 
$5.00. Computers, Amateur Radio, ARRL info, dealers. Visit the 
newly reopened Hall of Science museum and HOSARC'S ARA 
WB2JSM. For more information call evenings only Steve Green 
baum, WB2KDG (718) 898 5599 or Arrie Schiffman, WB2YXB 
(718 ) 343 0172 

TENNESSEE: October 24 25. The 9th annual Chattanooga 
Amateur Radio and Computer Convention, Grand Central 
Station at Chattanooga Choo Choo complex. Amateur exams 
Saturday and Sunday. All forms should be sent to Hamfest Chat¬ 
tanooga, POB 3377, Chattanooga, TN 37404 by October 20. 8’ 
flea market tables $10/day or $15 weekend. Talk in on 
146.19/79. For further information write Hamfest Chattanooga, 
POB 3377, Chattanooga, TN 37404 Exhibitor info call WA4RMC 
(615) 892 8889. Flea Market info call KB4RTM (615) 622 8467 
after 6 PM or W4ECW (615) 698-2147. 

OHIO: October 11 NOARC (Northwest Ohio ARC) will hold their 
annual Allen County Hamfest, Allen Cluty Fairgrounds, Lima. 
Tickets $3.00/advance, $3.50/door. Tables $6.00 full; $3.50 half. 
License exams. Free camping available. Elec. $7.00. Talk in on 
146.67 and 146.52 For info about exams W8TY, NOARC, Box 
211 Lima OH 45802. 

TENNESSEE: October 17. The 7th annual T n-Cities Hamfest, 
Appalachian Fairgrounds, Gray, indoor''outdoor flea market. 
Forums, dealers, RV hookups. Talk in on 146.37/97 and 
146/01.61. For information write Tri Cities Hamfest, POB 3682 
CRS, Johnson City, TN 37602 

MASSACHUSETTS: October 25. The Framingham Amateur 
Radio Association's annual Fal) Flea Market and Exams, Framing 
ham Civic League Building, 214 Concord Street, Downtown 
Framingham Doors open 10 AM. Sellers setup 8:30. Admis¬ 
sion $2 00. Tables $10 includes one admission. Talk in on 75/15 
repeater. For tables Jon Weiner, K1VVC. 52 Overlook Drive, 
Framingham, MA 01701 (617) 877 7166. For exams send Form 
610, copy of license and $4 35 check to FARA, POB 3005, 
Framingham, MA 01701. 

PENNSYLVANIA: November 1. The RF Hill ARC'S 1987 Ham¬ 
fest, Pennsylvania National Guard Armory, PA Rt 152, Sellers- 
ville. Doors open 6 AM for sellers, 8 Am for general public. Entry 
$4.00. accompanying spouse and kids free. 6’x 8' indoor space 
$8. Outdoors $G. Talk in on repeaters at 148.31, 145.19, 146.88 
and 146 52. To reserve space write Hamfest Chairman 523 Vine 
street, Perkasie, PA 18944. 

MICHIGAN: October 25. The Southwest Michigan AR Team 
and the Kalamazoo ARC are sponsoring the 5th annual Kalama 
zoo Hamfest. New larger location Kalamazoo Central High 
School, 2432 N. Drake Road. 8 AM to 4 PM. Walk in VE test 
ing. Admission $2/advance, $3'door Tables $6. Send requests 
and check with SASE by September 28 lo Jim Hastings, Kalama 
zoo Hamfest, 1813 Greenbriar Drive, Kalamazoo, Ml 49008 

OPERATING EVENTS 

“Things to do . . 

October 17-18: 30th Scout Jamooree on the Air. Active Scouts, 
former Scouts. Amateur Radio Operators; any and all who are 
interested in doing a good turn for Scouting and Amateur Radio 

October 4. The Fresno ARC emergency communications van 
will operate from the City of Clovis to help celebrate their 
Octoberfest Crafts Fair Pioneers' Day 1500ZOct 3to0100Z 
Oct. 4. Listen for W6TO, the Diamond Jubilee Special Event 
Station For certificate. QSL, large SASE to W6TO F.A.R.C., 
POB 783 Fresno, CA 93712 0783 

October 10-11: The South TexasAmateur Repeatet Society 
(STARS) will operate N5CAF, 1409Z-2300Z to commemorate 
the annual Confederate Air Force Airshow held in Harlingen, 
TX, For special certificate QSL and SASE to Dr David Wool 
weaver, K5RAV, 2210 S. 77 Sunshine Strip Harlingen, TX 
78550 


HAM EXAMS: The MIT UFH Repeater Association and the MIT 
Radio Society offer monthly Ham Exams. All classes Novice to 
Extra. Wednesday October 21, 7 PM, MIT Room M50, 77 Mass 
Ave, Cambridge, MA. Reservations requested 2 days in advance 
Contact Ron Hoffmann at (617) 646 1641. Exam fee $4.25. Bring 
a copy of your current license (if any), two forms of picture ID 
and a completed form 610 available from the FCC in Quincy 
MA (617) 770 4023. 


CHARGE 

YOUR CLASSIFIED ADS 



to your 
MC or VISA 
write or call 



HAM RADIO MAGAZINE 


Greenville, NH 03048 
(603) 878-1441 


MOVING? 

KEEP HAM RADIO COMING .. 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below. 

Then complete your new address (or any 
other corrections) in the space provided 
and we’ll take care of the rest. 

ham__ 

radio 

Magazine 
Greenville, NH 03048 

Thanks for helping us to serve you better. 
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Allow 4-6 weeks for 
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short circuits 

high-performance Yagis 

In fig. 11 of KIFO's July, 1987, 
article, “High Performance Yagis for 
432 MHz," a dimension is incorrectly 
placed. In the upper right hand part of 
the figure, the dimension "2 5/16" 
should be moved to the right, to indi¬ 
cate the distance between the end of 
the T-match section and the end of the 
driven element. 

ladder networks 

The following information was omit¬ 
ted from fig. 2 of W3NQN's article, 
"BASIC Program Analyzes Simple 
Ladder Networks" (August, 1987, 
page 34): 

RS = RL = 50 ohms 
Cl = C5 = 1100 pF 
C3 = 560 pF 
L2 = L4 = 1.75 nH 

Fco = 3.37 MHz 
F 3 dB = 2.74 MHz 
F 20 dB = 1.97 MHz 
F 40 dB - 1.32 MHz 

wrong call 

In table 3 of W1 JR's column in the 
July, 1987 issue, the call "WA5CIW/5," 
listed under 5760 MHz, should be 
corrected to read "WA5ICW/5." 

SSTV with C-64 

The address of the Journal of the 
Environmental Satellite Users' Group 
was shown incorrectly in the October 
article, "Get on SSTV with the C-64" 
(page 43). The correct address is 2512 
Arch Street, Tampa, Florida 33607. 
(Tnx WD4MRJ) 

Yaesu FRG9600 modification 

A complete kit — or circuit boards 
alone — for the modification described 
in W6MGTs article, 14 Add General 
Coverage to Yaesu f s Latest VHF/UHF 
Receiver " (October, 1985, page 67) is 
available from Radiokit, P.O. Box 
411H, Greenville, NH 03048. The kit is 
priced at $89.95 plus $3.00 shipping 
and handling; the boards only, at $7.00 
plus $1.25 shipping and handling. 
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^ ELMER’S NOTEBOOK 


packet communications 

The answer is "'definitely not\" 

The question is "Is this guy hung up 
on digital stuff, or what?" 

Hung up on digital stuff? No. But 
enthused? Absolutely! You see, I'm a 
follower of the old adage that there's 
no such thing as too much knowledge. 
I've never learned anything that I 
haven't found useful at one time or 
another, so I'm all for grabbing any 
knowledge I'm capable of absorbing. 
(And it's surprising how much you re¬ 
tain, even when you think you're in 
over your head.) 

At the same time, however, I real¬ 
ize that not everyone shares my enthu¬ 
siasm for "all things, great and small." 
Hence my opening answer to ques¬ 
tions that might come up about sub¬ 
jects covered in pursuit of the goals of 
this column. As stated originally (June, 
1987), the purpose of Elmer's Note¬ 
book is, first, to address the immedi¬ 
ate needs of Elmers, Novices, and 
anyone else coping with the "Novice 
Enhancement" rules change; and 
second, to continue with as many sub¬ 
jects as needed to help Novices (or 
anyone else, for that matter) upgrade 
to a higher class of license or simply 
enjoy Amateur Radio more. 

Along these lines, I'll cover whatever 
topics I think will be useful. (I'm cer¬ 
tainly open to suggestions.) So if a 
particular column doesn't fit into your 
concept of what Amateur Radio means 
to you, read it anyway so you'll have 
something filed away as "Maybe Use¬ 
ful — Someday." Hang in there — I'll 


get to your favorite subject sometime, 
especially if you'll tell me what it is! 
Now, let's take a look at packet radio. 

what's a packet? 

According to some dictionaries, a 
packet is "a small package that con¬ 
tains anything. . . An electronics 
dictionary defines a packet as "a group 
of binary digits, including data and 
control elements, which is switched 
and transmitted as a composite 
whole." 2 

Though both definitions apply to 
Amateur packet radio in a general way, 
let's see if we can be more specific 
without letting the technicalities over¬ 
whelm us. Describing a packet as "a 
package that contains data and con¬ 
trol elements" sounds good, but isn't 
that what RTTY, voice, and CW mes¬ 
sages are? After all, they include the 
information to be transferred (the 
message), the control information (the 
address for delivery, the identification 
of the sender, and a word count for 
checking accuracy). The answer, then, 
is "Yes, but . . 

The rapid growth of packet radio be¬ 
gan with a coincidence of timing that 
placed the newly popular personal 
computer within reach of many en¬ 
thusiasts and the relaxing or rewriting 
of Amateur rules to allow data com¬ 
munications of greater bandwidths on 
the VHF and UHF bands (increased 
bandwidths allow higher speed com¬ 
munications). It doesn't really matter 
which mode you're using if you're 
limited to a top speed of 100 baud or 
so on the hf bands; RTTY, AMTOR, 


Tom McMullen. W1SL 

and ASCII can handle that speed with 
ease. The higher speeds permitted on 
2 meters and above were attractive, 
but the need for something better than 
the digital modes used on the lower 
bands was obvious. For one thing, 
RTTY and its cousins had no provision 
for rapid automatic relaying of data if 
there wasn't a direct path between the 
originator and the destination. The in¬ 
structions required to do this (called 
"overhead") could end up longer than 
the text that was to be sent. 

In their search for better means of 
transferring data between computers 
at scattered locations, commercial de¬ 
velopers devised systems that provide 
fast, accurate transfer of data via 
telephone links, cable systems, and/or 
microwave or satellite relays. They're 
not only accurate and fast; they're 
transparent to the user — i.e., you 
feed your message into the system, 
and the system does the rest. Net¬ 
works and repeaters are also accom¬ 
modated in the language of these 
systems. 

Such systems and languages are 
called protocols. "Protocol" means the 
same thing in packet radio as it does 
in any other context; it's a set of pre¬ 
arranged operating procedures, sig¬ 
nals, and language that make sure you 
understand precisely how I'm going to 
say something, what I mean when I 
say it that way, and how you should 
respond when I say it. As long as we 
both stick to the protocol, the chance 
for misunderstanding (i.e., errors) is 
small. 

One very successful digital protocol 
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I PACKS T FRAME 


fig. 1. The AX.25 packet protocol frame is made up of several fields, each with a specific 
number of bits that convey special information about operation. This is an informa¬ 
tion frame. Supervisory frames, used to control links or repeaters, are similar but do 
not contain the message field. 


is called High-level Data Link Control, 
or HDLC. Obviously, you don't have 
to know all about HDLC or the other 
protocols used to enjoy packet radio, 
but a basic understanding will help you 
see how it all fits together. (Beside, 
sooner or later you'll start wondering, 
"How do they do that?") 

HDLC is part of a broader protocol 
called X.25, which covers several "lay* 
ers" of packet radio, from the local 
level up through several types of net¬ 
works. I'll not go into the history of 
how Amateurs got packet radio going, 
except to say that several individuals 
and organizations realized that a stan¬ 
dard was needed if packet was to be¬ 
come more than a curiosity. As a result 
of a series of conferences, the X.25 
protocol was adopted, with some 
minor modifications, as AX.25 (the A 
is for Amateur, obviously). Predict¬ 
ably, once a standard was established, 
the mode — and the equipment indus¬ 
try to supply it — mushroomed. (If 
you're interested in more information 
about the birth and development of 
growth of packet radio, see "for fur¬ 
ther reading," at the end of this 
column.) 

The Amateur packet radio protocol 
isn't really very complex (see fig. 1). 
Each packet frame is made up of well- 
defined sections called fields. Each has 
a specific job to do, as defined by the 
protocol. 

The first field is a flag. In digital 
language, a flag is an arrangement of 


bits that attract the attention of the 
data-processing equipment, in AX.25, 
the protocol tells the sending equip¬ 
ment, "When you want to get the 
other guy's attention, send eight bits 
arranged in this manner (01111110)." 
The receiving station has been told, 
"Every time you see eight bits arranged 
in this particular pattern, pay attention!" 

The rest of the packet is checked to 
make sure that this pattern never 
occurs anywhere except at the start or 
end of a packet. What the first flag 
says, in essence, then, is "This is the 
start of a packet." 

Next is an address field, which con¬ 
tains both the identification of the 
originator and the destination. One of 
the nice features of AX.25 is that 
it recognizes Amateur call signs as 
proper addresses. 

The third field presents control infor¬ 
mation. Control information can vary, 
depending upon the job it has to per¬ 
form, but the most common types in 
this field include information for the 
user, supervisory information for con¬ 
trolling data flow, and "unnumbered" 
information for controlling the link (if 
any). 

Next is a protocol identifier field 
(PID) that identifies the network-layer 
protocol being used (if any). 

Then comes the information or mes¬ 
sage field. This is where your "Having 
a great time, wish you were here" 
message goes. There's room for 2048 
bits in this field, but you don't have to 


use all of them. Most of the packets 
I've seen consist of two to three lines 
of text on a normal computer screen. 
Each line requires approximately 640 
bits for an 80-character-wide screen, 
so a three-line packet message would 
use up to 1920 bits. 

The field following the message is a 
frame check sequence (FCS). (Didn't 
I warn you that packet radio was load¬ 
ed with "alphabet soup"?) The FCS 
tests the message for accuracy. It 
doesn't care if you misspelled or mis¬ 
typed a word; it simply checks to con¬ 
firm that it received everything that 
was sent. This is done by a formula 
that I won't go into here, but the 
microprocessor in your TNC (terminal 
node controller)* knows all about it. 
Basically, the sending station calcu¬ 
lates and sends a number and the re¬ 
ceiving station performs the same 
calculation to see if it gets the same 
number. If it does, the receiving station 
sends an acknowledgment, or "ack"; 
if it doesn't, no acknowledgment is 
sent, and the sending station repeats 
the packet, saying, in essence, "I'm 
going to keep on doing this until you 
get it right!" 

The last field is a flag that signifies 
"The End." 

This sounds like heavy stuff, but the 
microprocessor handles it so fast that 
you don't even know it's happening. 
A packet passed between two Ama¬ 
teurs chatting via their keyboards can 
be sent and acknowledged in less than 
1 1A second. 

hooking it up 

The output from the TNC is in the 
form of audio tones, which are applied 
to the modulator in the transmitter just 
as any other audio would be. The out¬ 
put from the receiver is also audio 
tones, which the TNC processes to 
provide binary digits (pulses) for the 
microprocessor. 

Commercially available TNCs come 
equipped with instructions for con¬ 
nection to your computer, and cables 

*A terminal is your keyboard and screen; a node is a 
connection point to a network or circuit; and the con 
troller does just that it controls the data flow by 
putting information into packets according to the pro¬ 
tocol in use. 
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fig. 2. Typical connections between the TNC and radio equipment. Consult your TNC 
owner's manual for exact connector types and pin numbers to use. 


may or may not be supplied. If they're 
not, you can make or perhaps buy 
some that will do the job. Hookup is 
frequently just as simple as plugging 
the cable into the serial port of the 
computer and using software that 
makes your computer act like a dumb 
terminal. 

On the radio end, it's as simple as 
applying audio and push-to-talk (PTT) 
connections to the microphone (or 
auxiliary) input for the transmitter, and 
then plugging a connector into the ex¬ 
ternal speaker plug on the receiver. 
Connectors vary in size, so you may 
have to shop for the right size to fit 
your radio. Many packet controllers 
use a nine-pin connector for the audio 
output/input to and from the radio, so 
you'll have to connect the wires from 
the microphone input and speaker out¬ 
put to this connector. It's a good idea 
to provide a termination for the radio's 
speaker to provide impedance match¬ 
ing and prevent distortion. Figure 2 
shows one way of doing this. 

what can I do with 
packet? 

Packet is the fastest-growing mode 
of Amateur communication today, and 
more uses for it emerge all the time. 
In addition to just chatting with your 
nearby friends, you can send packets 
over digipeaters (digital repeaters) to 
distant stations (up to eight repeats 
can be handled by the packet pro¬ 
tocol). You can perform public service 
at events or in emergencies; packet 
radio was used in the 1984 Summer 
Olympics in Los Angeles, in the field 
at forest fires in California, and in 
innumerable emergencies and emer¬ 
gency-preparedness drills nationwide. 
There are hundreds of packet bulletin 
boards (PBBS) throughout the coun¬ 
try, and stations called "Gateways" 
that provide access to satellites and to 
UHF repeaters that increase the baud 
rate and allow rapid transfer of packet 
information over vast distances. Packet 
will also handle graphics, which opens 
even more possibilities! 

what frequencies? 

Like other digitial modes, packet can 


be used on 10 meters between 28.1 
and 28.3 MHz. Novices can listen , but 
not operate, on several frequencies 
used on 2 meters; 145.01 MHz is the 
most popular, with 145.03, 145.05, 
145.07, and 145.09 not far behind. 

Several frequencies (223.42 to 
223.90 MHz) on the 220-MHz band 
have been suggested for Novice pack¬ 
et operation. 223.30 has been suggest¬ 
ed as a national packet simplex 
frequency (unless it's in use by a local 
repeater). Note that 223.50 is the 
national simplex frequency for voice 
fm, so don't use packet on that one. 

Parts of the 220-MHz band have 
been used for developing experimen¬ 
tal high-speed (9600 baud or higher) 
packet networking. 

With Novice privileges now includ¬ 
ing packet on 220 MHz, the number of 
digipeaters and voice repeaters should 
increase, and local activity should 
grow rapidly. Check with local clubs 
for new activity in your area. 

Here's a helpful tip for when you get 
your TNC hooked up and want to see 
things happening on your screen: set 
the Monitor Mode to ON. This will let 
you "read the mail" on the bands on 
which you can't transmit. Your in¬ 
struction book will tell you how to do 
this — it's usually as simple as enter¬ 
ing a command (usually MONON or 
MALL) from the keyboard. 

This has been a thumbnail sketch of 


what makes packet radio an effective 
and entertaining mode. There's much 
left to tell, however, and I'll do that in 
a future column. 

for further reading 

The Amateur magazines have fea¬ 
tured many excellent articles on packet 
radio. The following books contain a 
wealth of information about the de¬ 
velopment, operating techniques, and 
the future possibilities of this mode. All 
but The Digital Novice, which address¬ 
es several digital modes, are dedicat¬ 
ed to packet radio; the first two are 
ideal for beginners in packet radio, 
regardless of license class. All are avail¬ 
able from ham radio's Bookstore, 
Greenville, New Hampshire 03048. 

The Packet Radio Handbook, by 
Jonathan L. Mayo, KR3T. 

Get * * * CON NEC TED to Packet Ra¬ 
dio, by Jim Grubbs, K9EI. 

The Digital Novice, by Jim Grubbs, 
K9EI. 

ARRL Computer Networking Con¬ 
ferences 1-4: Pioneer Papers on Packet 
Radio 1981-1985. 

ARRL Fifth Computer Networking 
Conference Papers, 1986. 
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REFLECTIONS 


specs in secs : an idea whose time has come 

What's smaller than a bread box, lighter than a Bic pen, faster than a speeding bullet, and of interest 
to thousands of Radio Amateurs (or least it will be}? 

You guessed it. It's Motorola's solution to our transistor specification problem, all on a single floppy 
disk. Appropriately labeled Specs in Secs, that's exactly what you get when you load it into your IBM 
PC-compatible computer. 

In the program, Motorola has provided device information for over 1600 bipolar power transistors and 
TMOS™ Power MOSFETs, and included a user-friendly method of retrieving the data as well. It's not only 
extremely useful, but also fun to use. And because of its flexibility, you feel like you're making real design 
decisions — and you are! 

Did I just hear someone say "Now just hold on one dang minute! We're Radio Amateurs, not engineers. 
Why do we need this information, anyway?" 

I'm really glad you asked. First of all, some of us are engineers or technicians, in addition to being licensed 
Radio Amateurs. And even if you're not an engineer or a technician, I'm willing to bet that sometime in 
your Ham career you've designed some circuit, or at least wished that you could have. Specs in Secs won't 
do the circuit design for you (although there are software programs out there that will). What it will do 
is, through a few keystrokes, provide parts choices in seconds. 

"Great!" you say, with a little bit of sarcasm. Now you have 1600 or so power device specifications. 
But like most other Radio Amateurs, you're interested in rf circuits — oscillators, preamplifiers, etc. Well, 
don't sell a power device short before you look at its specifications — fy, for example, which is related 
to maximum frequency of operation. Some of these power devices provide real gain at frequencies that 
are of interest to us. 

Without dwelling on this point, let me mention that Motorola indicated in the brochure that accompa¬ 
nied this diskette that they're working on entering their entire semiconductor product line on a single 360K 
floppy disk, and that takes time. I should know; I've done something similar with my compendium of Amateur 
Radio article references, From Beverages Thru OSCAR — A Bibliography (November 1980), and that only 
took me six years and eight diskettes, and I'm almost finished! 

"But is Specs in Secs easy to use?" you ask. 

It couldn't be simpler. You place the disk in any drive, type the letter M (Enter), and away you go. A 
menu provides a number of choices, including, in essence, an on-screen manual. Actually, the first thing 
you see is a "Start-up Screen" with a carefully chosen set of choices (defaults) that you'll probably want 
anyway. 

Here's where it really becomes useful. Selection "D" is called "Parametric Search." With this choice, 
you're given the opportunity not only to choose the important parameters, but their order and value as 
well. The more specific you are, the more quickly you'll arrive at the appropriate component. Motorola 
does, however, recommend that you also have the hard copy (selection guide) available for the final decision¬ 
making process. 

If you're reasonably sure of the component you want to use, just enter its part number after pressing 
Selection "C," appropriately labeled "Part Number Search." If it can't be found, you won't be hit over 
the head or knocked out of your chair by a loud noise. The program will just quietly tell you that it can't 
find that particular part number. Believe me, you still have many other choices. 

I could easily go on about its other features, but for $2 you can get your own copy and see for yourself. 
By the way, Parlez-vous Francais? Or German, Spanish, or Italian? The on-screen manual is written in these 
other languages as well, and you can print all of them out and have a copy at your side. 

For your copy of Specs in Secs (DK101 /D), send a check or money order for $2 to Motorola Semicon¬ 
ductor Products, Literature Distribution Center, P.O. Box 20924, Phoenix, Arizona 85063. 

Rich Rosen, K2RR 
Editor-in-Chief 
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Are you 
radioACTIVE? 



Dean LeMon, KROV sure is! Dean 
got active in Amateur Radio when 
he was 16 years old and earned his 
Extra Class license in less than four 
years! “It's a facinating hobby and a 
great way to meet all kinds of new 
people from all over the world.” 

Dean has cerebral palsy and got 
started in Amateur Radio with help 
from the Courage HANDI-HAM 
System. The HANDI-HAM System 
is an international organization of 
able-bodied and disabled hams who 
help people with physical disabili¬ 
ties expand their world through 
Amateur Radio. The System 
matches students with one to one 
helpers, provides instruction mate¬ 
rial and support, and loans radio 

equipments 

Isn’t it time you got radioACTIVE 
with the Courage HANDI-HAM 
System? 

Call or write the Courage 
HANDI-HAM System 
WOZSW at Courage Cen¬ 
ter, 3915 Golden Valley 
Road, Golden Valley, Min¬ 
nesota 55422, phone (612) 
588-0811. 


Are you 
radio ACTIVE? 



Dick Smith kits 

Dear HR: 

Perhaps you've heard this, but in 
case not: I just found out that Dick 
Smith Electronics is no longer doing 
business in the United States. The 
Dick Smith kits are now being sold by 
American Electronics, P.0. Box 301, 
Greenwood, Indiana 46142, 

Joe Moell, KOOV 
Fullerton. California 92633 

say what you think 

Dear HR: 

What a delightful guest editorial by 
Robert Zavrel, Jr., W7SX (September, 
1987)! Nearly everything listed was 
something I could identify with. How¬ 
ever, I had to move some of the "don't 
likes" into the "do likes" column, and 
vice versa. Not many, but some. 

That started me thinking. Wouldn't 
it be interesting to see how other read¬ 
ers felt? As Bob said in the article, 
"there comes a time when a guy's got 
to say what he really thinks!" My mind 
started wandering. It would be really 
fun to see what men and women hams 
think about things! What about a 
checklist with an item per line, and a 
box for "Y" or "N" after each one? 

Bob listed 28 "really don'ts" and 49 
"really dos." That makes a total of 77 
things to feel strongly about. I would 
like readers to send me their opinions 
on any or all of these 77 "reallys," 
either by mail or by packet BBS (KZ10 
@ WB1DSW). The message could be 
kept short by just sending a 


77-character long "opinion string" of 
Y's (like) and N's (don't like). 

I'll tabulate the answers and send 
the results to ham radio magazine, 
because, as the last line of the editor¬ 
ial said I also like "magazines crazy 
enough to publish this." 

That's what the last "Y" in my opin¬ 
ion string stands for: 
YYNNNNYYNNNNNNNNNNNNNN 
NNNNNNYYYYYYYYYNYYYYYYY 
YYYYYYNYYYYYYYYYYYYYYYYY 
YYYYYYYY. 

)'m looking forward to hearing from a 
lot of readers! 

Dave Bushong, KZIO 
2 South Spring Street 
Concord, NH 03301-2424 


a word of caution 

Dear HR: 

Thank you for the article, "Solar 
Activity and the Earth's Magneto¬ 
sphere," (August, 1987). It's very well 
written, and Bradley Wells is to be 
congratulated. For the layman, it an¬ 
swered many questions regarding the 
sun's relation to radio propagation. It 
also provided a good summary of the 
mechanics of the lines of magnetism. 

There is one point I would like to 
bring to your attention, however. 
There are at least two instances where 
the phrase "may be visible to the 
naked eye" occur: on page 11, under 
the subhead "sunspots," and on page 
13 under "flares." 

At the risk of appearing overly cau¬ 
tious, it seemed to me that this implies 
that all one has to do is to gaze at the 
sun and these flares or sunspots would 
be apparent. However, readers who 
value their eyesight should be warned 
that "gazing" (my word) at the sun 
can be devastating. I'd therefore sug¬ 
gest a word of caution to the casual 
reader. 

I hope there will be many more 
pieces about the sun; with the Solar 
year apparently coming out of its 
"dip," we could all benefit from a 
greater understanding of solar 
phenomena. 

Rupert A. Wood, WB4ZOF 

Bethesda, Maryland 20816-1760 
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tomorrow’s receivers: 

what will the next 20 years bring? 


New techniques, technologies 

promise lower power, 

smaller size, 
higher performance 


It seems that with each new issue of ham radio 
and other journals, we witness new technological de¬ 
velopments affecting nearly every aspect of Amateur 
Radio. From time to time many of us ponder the ques¬ 
tions, "Where is it all going?" and "What will rigs look 
like 10, 20, or more years from now?" 

Predicting the effects of today's research on tomor¬ 
row's reality is always tricky business. But new tech¬ 
niques now in use in commercial and military radio 
systems are likely to find their way into Amateur ap¬ 
plications sooner or later. I've discussed some of these 
techniques here, emphasizing what I see as their im¬ 
plications for Amateur Radio design. 

Recent breakthroughs in technology may change 
some of the fundamental ground rules not only of 
radio engineering, but of electrical engineering in 
general. Consequently, two levels of development will 
be addressed here: first, those techniques in current 
use and second, those which may be possible in the 
near future. 

Figure 1 shows a block diagram of a typical radio 
receiver. This is the familiar superheterodyne design, 
which has been predominant for nearly 60 years. Most 
commercial receivers on the market today use this 
same architecture — and in truth, there's been little 
improvement in radio performance for the past 30 
years! 1 

Other characteristics have certainly changed for the 
better, however: size, power consumption, 12-volt 
operation, frequency stability and accuracy, and ease 
of operation, for example. Yet the basic receiver func¬ 
tions remain the same; an rf signal down to the sub¬ 
microvolt level must be amplified, converted, filtered. 


I amplified again, demodulated, amplified again, and 
then converted into acoustic audio. There's nothing 
to suggest that the principle of rf input and audio out¬ 
put will change as a basic function for radio engineers. 
Rather, it's how you get from point A to point B that's 
undergoing a quiet revolution. 

Perhaps the most striking developments have been 
in miniaturization. There's a continuous trend towards 
developing components with excellent specifications 
but with smaller sizes and lower power consumption. 

rf amplifier 

The first stage of a receiver largely determines the 
noise figure. Up to about 15 or 20 MHz, there's little 
advantage in using low-noise amplifiers because at¬ 
mospheric and galactic noise are more significant than 
the noise figure of the typical first mixer stage. For this 
reason the preamp has actually disappeared from 
many hf receivers. Diode ring mixers typically have 
about a 7-dB noise figure, which is quite adequate for 
most hf receivers. The preamp also lowers the dynam¬ 
ic range of a receiver as it increases the rf level to the 
first mixer. At VHF and higher, the atmospheric noise 
drops and the receiver noise figure becomes one of 
the most important system specifications. At VHF fre¬ 
quencies and higher, the GaAsFET has dramatically 
reduced receiver noise figure specifications. This trend 
will continue as GaAs technology improves and prices 
decline. 

first mixer 

The most common rf mixer is the passive quad 
diode ring. It has a relatively low noise figure and the 
limitation to dynamic range is mainly a function of LO 
power used. A generalization can be made about the 
LO power necessary to handle a given rf power level: 
the ratio of maximum rf input power to minimum LO 
power is about 1:10. That is, for a diode mixer to 
handle 100 mW of rf, the LO power must be at least 
1 watt. 

By Robert J. Zavrel, Jr., W7SX, P.O. Box 
23447, Tucson, Arizona 85734 
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There have been two major developments in mixer 
technology during the past few years. The first is the 
passive FET ring, exemplified by the Siliconix Si8901. 
With this device, gate voltage rather than a forward- 
biasing current turns the switches "on" and "off." 
Since the gates represent high impedances, voltage/ 
power ratios can be increased, thus lowering the LO 
power requirements dramatically. Indeed, to handle 
the same 100-mW rf power in our diode ring exam¬ 
ple, the Si8901 requires about 25 mW of LO power 
instead of the 1 watt mandated by the diode rings. The 
other critical specification is the third-order intercept 
point, which is necessary for defining the useful dy¬ 
namic range. Again, the Si8901 greatly surpasses the 
old diode ring mixer. 2 

Working from the same empirical thinking that led 
to the development of the Si8901, a passive GaAsFET 
ring should surpass the performance of the silicon 
Si8901 by perhaps a 7-dB increase in third-order in¬ 


tercept point specification. Since the GaAs devices 
would be used as switching elements rather than ac¬ 
tive amplifiers, the 1/f noise limits of these devices 
wouldn't be an issue. They could be used at sub-audio 
frequencies with comparable noise performance at hf. 

Although purported as a passive mixer, the Si8901 
should also make an excellent active mixer. Using the 
same concepts as the old U350, the DMOS Si8901 
should outperform its JFET cousin. The smaller geom¬ 
etry SD201 DMOS family made excellent VHF low- 
noise amplifiers before Signetics discontinued its 
DMOS line several years ago. Siliconix and the other 
DMOS manufacturers have chosen not to build these 
smaller devices, although both mixer and amplifier per¬ 
formance could be enhanced by such a modification. 

As the world of digital integrated circuits has shift¬ 
ed its attention to faster CMOS technologies, ad¬ 
vances in analog bipolar 1C techniques have quietly 
proceeded. A fundamental bipolar mixer circuit is the 
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Gilbert Cell (fig. 2). Though the most familiar Gilbert 
Cell ICs are the Motorola MC1496 and MC1596, there 
are many manufacturers of these devices today. Over 
the past few years there have been several variations 
on this original commercial design. Good noise per¬ 
formance has been achieved with the Signetics NE602, 
but it can't handle the higher input levels necessary 
for good hf first mixer design. The NE602, however, 
is perhaps the finest mixer available among low power 
consumption mixers. Advances in bipolar processing 
are pushing noise figures down and power handling 
capabilities up in simulation models as well as in newly 
available devices. If this trend continues, the diode ring 
may become an endangered species, 

local oscillator 

Perhaps the most dramatic advances in receiver 
technology have been in the design of local oscillator 
circuitry. Very exotic mechanical assemblies evolved 
for LO tuning in the 1950s. (Remember the NC300, 
HQs, and Collins receivers?) Permeability tuned oscil¬ 
lators (PTOs) simplified things in the 1960s with the 
SB300, R4, and STmes. Today, PTO LO performance 
remains difficult, if not impossible to duplicate with 
PLL synthesis, given the constraints of typical Ama¬ 
teur budgets. Synthesizers offer distinct advantages 
in that they can be directly controlled by microproces¬ 
sors and don't require special mechanical rigidity or 
moving parts. A single crystal oscillator frequency is 
divided down to some low value and then "phase- 
locked" up to the desired LO frequency. At the out¬ 
put of the VCO, a multiple of the reference frequency 
equal to the reference frequency times the divider's 
"N" value appears {see fig. 3). This represents a sim¬ 
ple phase-locked loop synthesizer, but it contains all 
the necessary building blocks of a more sophisticated 
system. If the reference is 1 kHz and the divider is set 
to N = 7005, the VCO output will be 7005 x 1 kHz, 
or 7.005 MHz. Discrete frequency steps of 1 kHz will 
be possible because only division by whole numbers 
is possible in this system. N determines the output fre¬ 
quency because the dc control voltage feedback will 
"lock" the VCO to the output frequency that provides 
equal frequency inputs to the phase detector. 

Another type of synthesizer — the "direct digital 
synthesizer" or DDS — holds great promise. To 
understand how DDS works, two concepts must be 
understood: first, the concept of how digital-to-analog 
converters function and second, the Nyquist Theorem. 
I'll discuss each of these very briefly. 

A digital-to-analog converter (DAC) takes a binary 
number and "converts" it into a discrete voltage or 
current value. An eight-bit DAC, for example, can 
have a maximum of 256 different voltage outputs. The 
digital eight-bit "word" can be generated by a micro¬ 




processor or memory circuit. A sine wave or any oth¬ 
er waveform can be approximated by discrete steps 
as shown in fig. 4. For LO applications, sine wave ap¬ 
proximation is preferred because sine waves have the 
lowest harmonic content. (A perfect sine wave will 
have no harmonic content.) 

The Nyquist Theorem states that a sine wave can 
be derived if at least two discrete amplitude samples 
per period are obtained. Thus, if we want to synthe¬ 
size a 5-MHz sine wave with a DDS, we'll need an up¬ 
dating clock rate of at least 10 MHz. With DDS, a 
constant sample rate can be used to synthesize any 
frequency up to half the sample rate with excellent fre¬ 
quency resolution (0.1 Hz typical). Figure 5 shows 
how 1- and 2-MHz sine waves can be generated by 
a 10-MHz clock and a DAC. The microprocessor com¬ 
putes the values to be sequenced by the DAC for a 
given frequency output and a given clock rate. This 
special processing function is called a phase accumu¬ 
lator. Higher clock rates allow for more samples per 
period. More samples, in turn, allow for better approx¬ 
imation of the sine wave shape. Also, the greater num¬ 
ber of bits allows for more discrete amplitude steps, 
which also enhance the accuracy of the sine wave 
approximation. DAC integral linearity affects wave¬ 
form accuracy and harmonic levels. Indeed, the major 
efforts in DAC development are directed towards 
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fig. 5. DDS sinewave synthesizer. Any frequency can be synthesized up to 1/2 the sample rate by changing the digital 
numerical value at each sample point. 


better resolution (i.e., more bits) at higher update form. Outstanding linearity is possible even at very 

speeds. Off-the-shelf video-speed DACs now allow wide bandwidths — in fm, for example. 3 To achieve 

excellent performance for DDS circuits well into the the necessary low spectral noise densities demanded 

hf spectrum. The Burr-Brown DAC63 is such a device. by hf LOs, more work is needed; however DDS holds 

As DACs become faster and more accurate, the phase great promise as a replacement for PLL synthesizers, 

noise and harmonic performance improve. Figure 6 shows a direct conversion phasing SSB 

Compared with PLL synthesizers, DDS offers oth- receiver. Traditional analog phase and amplitude null- 

er advantages. Since all the parameters of the wave- ing techniques employing all-pass active filters could 

form (frequency, amplitude, and phase) are digitally yield 40-dB image rejection at best. The problem of 

controlled, frequency hopping, or QSY, is almost in- this nulling is compounded by the need for broadband 

stantaneous. PLL systems, on the other hand, have 90-degree phase shifters. 4 However, if we digitize the 

some finite settling time. In addition, nearly any type two signals the phase and amplitude nulling can be 

of modulation is possible if the applicable parameter performed using a digital signal processor (DSP), 

is changed in accordance with a modulating wave- Small errors in phase and amplitude can be removed 
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fig. 7. Digitized radio of tomorrow. 


and the ultimate image rejection will correspond to the 
bit resolution of the analog-to-digital converter ADC. 
A 16-bit ADC, for example, could provide 96- dB im¬ 
age rejection using an ideal DSP. This would make 
an excellent receiver. Very sharp analog audio filters 
would be required before the ADCs. Philips has pro 
duced such a dual-channel filter in monolithic form, 
but it's not yet commercially available. More traditional 
upconversion schemes using DSP are discussed in an 
outstanding new textbook. 5 

Once the demodulated audio baseband signal is digi¬ 
tized, digital filtering techniques can be used. Very 
steep skirt notch and bandpass filters can be arranged. 
The amplitude coefficients can be manipulated to al¬ 
low idealized audio AGC. Alternately, an AGC volt¬ 
age can be provided through a DAC which controls 
an rf stage gain. Finally, the digitized audio can be con¬ 
verted back into analog form via a DAC, in much the 
same way as compact disc players function. The Burr- 
Brown PCM54 is an excellent 16-bit DAC for this ap¬ 
plication. 

Figure 7 represents a daydream of where radio en¬ 
gineering state of the art might be within 20 or 30 
years. A bandpass filter from 0.5 to 30 MHz tunes the 
entire hf spectrum. A futuristic 16-bit ADC with a 
75-MHz sampling rate provides a 96-dB dynamic range 
over the bandwidth. The entire spectrum is digitized. 
All filtering, demodulation, AGC, and such, is per¬ 
formed in the rather sophisticated DSP. A PCM54 is 
then used to output the audio to an audio amplifier. 

superconductors 

In April the news media reported that a group work¬ 
ing at an IBM facility in Switzerland had developed 
a new material that remains a superconductor up to 
85 degrees K. This material, by itself, makes super¬ 
conductors possible at liquid nitrogen temperatures, 
thus dramatically lowering the costs of using this class 
of material. Perhaps of far greater importance is that 
this work represents a crucial breakthrough for creat¬ 


ing better superconducting materials. There is even 
talk of superconductors at room temperatures. What 
can this mean? 

Superconductors are created when a material is 
cooled down to a critical temperature. Below the crit¬ 
ical temperature the material exhibits zero electrical 
resistance. When superconductor offers literally no 
resistance at room temperature, electronic device 
technology could advance dramatically. Josephson 
junction or SQUID digital circuits could render even 
the fastest computers now available obsolete. For 
analog and rf circuits, zero resistance could have great 
implications for speed and noise specifications. Ther¬ 
mal noise disappears in superconductors as 
V 2 = 4KTRB. Never mind Boltzman; R is now zero. 
With zero resistance, charge mobility — a limiting fac¬ 
tor for the speed of any semiconductor material — be¬ 
comes quite high. 

With superconductors, storage "battery" technol¬ 
ogy would be revolutionized. Imagine an electromag¬ 
netic car battery the size and weight of a donut! 
Charging efficiency would approach 100 percent. 

Superconducting antennas and transmission lines 
would improve efficiency and lower system noise 
figures. Can you imagine 160-meter loading coils with 
zero resistence? 

This is the most exciting development in solid-state 
physics since the invention of the transistor. The im¬ 
plications may by far outweigh the transistor's effects 
on the world. Electronic and electrical power engineers 
will have to rewrite all the books — again. 

what to watch for 

The radio art is in constant evolution. Here are some 
of the trends to watch for between now and the ad¬ 
vent of the twenty-first century: 

• Continued miniaturization of all components, thanks 
to higher levels of circuit integration and advances in 
wafer processing techniques. 

• Lower supply voltage and current requirements for 
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comparable performance and improved performance, 
generally among all building-block components. 

• Increased use of digital techniques in LO circuitry, 
and use of DSP for filtering, demodulation, and other 
functions. 

• Appearance of data conversion devices, first at base¬ 
band, then at the i-f, and then moving closer to the 
antenna circuitry. 

• Dick Tracy's two-way wrist radio will become a real¬ 
ity by 1995. 

Putting predictions into print preserves the prophet's 
prognostications for posterity. It might be amusing, 
in the year 2007, to dust off your yellowed, musty copy 
of this issue to see just how far off the mark we were. 
Happy dreams! 
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designing a 

state-of-the-art receiver 


Readily understood 
— though not greatly 
utilized — concepts 
mean better performance 

The state of theartin hf receiver design using semi¬ 
conductors has improved greatly. The use of either 
CATV-type transistors and double-balanced mixers us¬ 
ing hot carrier diodes or double-balanced mixers with 
switch-type FETs has eased the large-signal handling 
problem of just a decade ago. 

One weak link in the chain, however, remains; this is 
the synthesizer, with its inherent noise contributions. To 
a large extent the overall architecture of the receiver and 
the synthesizer determines its performance, and even 
the best high-performance components — placed in the 
wrong sequence — can cause a good design to fail. 

systems approach 

Because military and commercial users depend on 
high performance receivers for surveillance and/or 
point-to-point communication, it's inevitable that these 
same technological advances will filter down to the Am¬ 
ateur community. In fact, in a cursory examination, the 
spec sheets of both commercial and Amateur commu¬ 
nications receivers look quite similar. 

Besides providing the "essentiafs," modern commun¬ 
ication receivers offer additional features, sometimes re- 


I ferred to as “bells and whistles"; these features include 
improved user interfaces or computer interfaces for re¬ 
mote control. Since the commercial and Amateur mar¬ 
kets are price-sensitive and also very sensitive to proof 
of performance, any claims of lower capabilities are no¬ 
ticed. Consequently, when on-the-air tests of some late- 
model receivers suggested poorer performance than 
previous models, this raised the question of why, despite 
theknowledgeacquired in recent years, such an incon¬ 
sistency should occur. 

Figure 1 is a functional block diagram of a modern 
microprocessor-controlled communication receiver. 
This diagram is representative of most modern design 
approaches and can be used to evaluate possible advan¬ 
tages and weaknesses, and to point out areas of poten¬ 
tial difficulty. 

operation 

The rf signal is introduced into the receiver in one of 
two ways: 

• at the input of a 30-MHz low-pass filter via a variable 
attenuator, which is controlled by an overload detection 
circuit activated at the first and second i-f level; 

• or for receiving frequencies below 400 kHz, via a vari¬ 
able attenuator and low-pass filter combination. 

The first mixer, which is responsible for the third-order 
intercept point, is driven by an extremely pure synthe¬ 
sized local oscillator. To terminate the double-balanced 
mixer properly, a diplexer (high-pass/low-passfilter) is 
used to absorb energy outside the crystal filter passband. 
The input impedance of the crystal filter rises significant¬ 
ly outside the passband of the crystal filter. 

By Ulrich L. Rohde, KA2WEU/DJ2LR, 52 Hill- 
crest Drive, Upper Saddle River, New Jersey 07458 
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a modern microprocessor-controlled communication receiver 









































While most commercial or military high-performance 
receivers employ the input stage combination, most 
Amateur equipment uses a double-balanced mixer that 
incorporates adjustable-gain JFETs. As a result of its 
sensitivity to output impedance changes, the mixer 
suffers reduction in large- signal performance. The re¬ 
cent trend in mixer design involves the use of termina¬ 
tion-insensitive mixers whose cleverly designed bridge 
circuits ignore the effects of reactive terminations. 
Passive mixers use hot carrier diodes; switching-type 
mixers use FETS — for example, a pair of matched SD 
100 transistors — and achieve intercept points between 
-i- 35 and +45 dBm. 

Following a six- to eight-pole crystal filter is an ampli¬ 
fier stage which has medium gain and high dynamic 
range. This is typically achieved through the use of rf 
feedback. In addition, it is worthwhile to incorporate an 
AGC circuit between this amplifier and the mixer. 

The signal, which is now in the 75- to 100-MHz fre¬ 
quency range, is converted to a low i-f frequency — for 
example, from 200 kHz to 2 MHz — by the second mix¬ 
er. The second mixer must also have high dynamic 
range, but it can be a passive double-balanced mixer. 
(The latest advances in receiver design have included the 
use of careful filtering of the local oscillator synthesizer 
outputs, thereby reducing spurious responses.) The am¬ 
plifier that follows this mixer compensates for the sec¬ 
ond i-f mixer losses. This, in turn, is followed by a popular 
frequency range crystal filter that is readily available from 
a number of manufacturers. 

gain distribution is important 

Each of these stages has very little gain — typically less 
than 12 dB. The main amplification of the signal takes 
place in the i-f sections. (This is different from what hap¬ 
pens in Amateur receiver designs.) The problem with 
designing most of the gain into the i-f stages has to do 
with the ability to build the i-f amplifier circuits stable and 
free of unwanted oscillations. To minimize in-band in¬ 
termodulation distortion, differential-type amplifiers 
with AGC stages are used. In many cases this requires 
a great deal of shielding and careful selection of grounds, 
since up to 100-dB open loop gain in the i-f section may 
be required. 

One sign of good receiver design is evident when the 
noise of the first mixer, with no antenna connected, al¬ 
ready shows slight AGC action, which can be monitored 
on the S-meter of the receiver. If signals of 1 -/xV or bet¬ 
ter are required before any S-meter action occurs, then 
the above design guidelines have not been followed. 

Although I've noted these things thoroughly and 
repeatedly in previous articles, very few companies have 
followed through with this concept because it's much 
less expensive to move the gain towards the antenna 
than to build high-gain i-f stages. 
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fig. 4. Architecture of the internal computer system found in a modern fully synthesized receiver. 


Interestingly enough, the NRD 525 receiver, which 
follows these recommendations but is still fairly inexpen¬ 
sive, is one of the better designs. Figure 2 shows a typi¬ 
cal block diagram with the various noise, gain and 
intermodulation distortion products specified. Such an 
analysis must be carried out and should be published 
together with the receiver specifications. 

In fig. 1 , the internal busfor the receiver that controls 
a variety of functions transfers digital data streams that 
consist of short-duration pulses with fast rise times. Con¬ 
sequently, significant shielding is required in this section 
in order to isolate the digital circuits and their concom- 
mitant switching spikes from the analog portion of the 
receiver. Many modern receivers suffer from this effect, 
in which background switching noise masks lower lev¬ 
el signals. To make things worse, the synthesizer can 
also pick up some of the switching signals. 

synthesizer design 

Modern receivers should incorporate fully synthesized 


local oscillatorsand provide between l and 10-Hz reso¬ 
lution. All of the auxiliary frequencies in thedesign must 
be derived from the master (oscillator) standard. 

The frequency synthesizer in this example uses two 
main loops in its multi-loop design. VCOI, which oscil¬ 
lates between 127 MHz and 139 MHz, is phase locked 
in steps of 1.2 kHz; its output is then divided by 120 to 
an output frequency of approximately 1 MHz, which is 
then mixed with the 79.2-MHz standard. The difference 
frequency components are introduced into a 78.1-MHz 
crystal filter which removes all unwanted signals. The 
other portions of the synthesizer provide auxiliary fre¬ 
quencies. The areas where the phase detectors are lo¬ 
cated are heavily shielded; fairly high frequenciesfor the 
reference detectors are used for best noise performance. 

Figure 3 shows a synthesizer that utilizesthis design 
approach. In this design, analog and digital circuits are 
carefully separated. The sections of the synthesizer most 
vulnerable to picking up extraneous signalsare the lines 
going into the output VCO (VC02). 
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vacation-business trips—set the alarm and get out of 
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Depending on the type of phase detector used, the 
lines that feed the tuning diodes can be either very high 
impedance or low impedance. Inexpensive solutions fre¬ 
quently lead to such high-impedance feeding points, 
which then become "antennas" collecting all the switch¬ 
ing noise. The use of circuits incorporating microwave 
transistors allows the design of discrete low-impedance 
amplifiers for this purpose. If the driving point im¬ 
pedances for the tuning diodes can be held at 100 ohms 
as opposed to the 100-k line impedance typically found, 
the sensitivity for pickup of stray signals is reduced by 
a factor of 100,000. 

Another reason for noisy synthesizers is the use, in the 
synthesizer loops, of operational amplifiers that are too 
noisy. Wherever possible, either discrete low-noise am¬ 
plifiers or Darlington stages must be used. 

use of microprocessors 

Today's microprocessor-controlled receivers feature 
built-in clocks, frequency scanning with variable scan 
rates, availability of at least 100 channels and channel 
scanning, plus a combination of receiver control func¬ 
tions such as the serial RS-232 or IEEE-488 bus remote 
control capabilities. Because the BFO and the main os¬ 
cillator are both synthesized, the combination of the two 
allows either passband tuning or variable bandwidth. 

Another area of interest in the use of microprocessors 
is the linearization of the transfer characteristic of the 
tuning range of the oscillator and the linearization of the 
S-meter. The microprocessor can also switch the tun¬ 
ing rates to correspond to the operating mode and se¬ 
lect the appropriate bandwidth receiving crystal filters 
required for that same mode. Digital implementation of 
signal analysis allows demodulation of RTTY and Morse 
code. Many other novel approaches are.possible. 

Figure 4 shows the architecture of such an internal 
computer system. One of the frequent mistakes made 
in this context is the use of only one microprocessor, 
which gets overloaded, or the use of four-bit 
microprocessors. In better radios, eight-bit 
microprocessors, which can handle all these functions 
efficiently, are used. The best approach is parallel 
processing. 

summary 

By following these simple guidelines and using ar¬ 
chitecture similar to that illustrated in figs. 1 and 2, it is 
possible to build receivers that come close to the limits 
of physics, yet still remain cost- effective- 
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a CAT control system 

for the Yaesu FT-757GX 


C-64 BASIC routine 
tunes popular transceiver 

An earlier article on the CAT system, based on the 
Tandy TRS-80 Model 100, attracted the attention of a 
considerable number of users of Commodore 64® 
microcomputers. 12 But while it was a relatively simple 
task to convert the TRS-80 program for other micros 
with a standard RS-232C port, it wasn't as easy to con¬ 
vert the program for the popular C-64. 

Converting the unique Commodore "inverted TTL 
level" format is no problem because the CAT system 
also works with TTL levels. But the standard baud rates 
of the C-64 stop at 2400, and CAT works at 4800 baud. 
(In this case, baud and bps give the same number, so 
we'll stick to "baud," since that's what's used in the 
Commodore and Yaesu literature.) 

It's possible to obtain the proper parameters for 4800 
baud using a two-step formula for calculating "user- 
specified baud rates." 2 Checking the output with an 
oscilloscope looked promising, but in practice the data 
transfer wasn't reliable, and bytes sometimes were lost 

on their way from BASIC to the radio. Commodore 

► 

specialists have several explanations for this. Some say 
that it depends on the physical layout of the printed cir¬ 
cuit board; others contend that Commodore BASIC has 
problems handling the NUL character. Whatever the 
reason, the data didn't always reach the RS-232C out¬ 
put buffer in good order. 

In this program these problems are avoided by replac¬ 
ing the BASIC RS-232C statements with routines writ¬ 
ten in machine language. The parameters are POKEd 
into temporary storage in memory locations 52592 to 
52596. The command byte (see table 1) goes into loca¬ 
tion 52592. The frequency number is sliced into four 
bytes (i.e., 12,345.67 kHz converts toOl ,23,45and 67), 
which are stored in the next four locations. 

Another problem has also been solved in machine lan- 


I guage. The frequency bytes just mentioned are in the 
CAT Binary Coded Decimal format, and ideally would 
be passed as such to the RS-232C port. But the Com¬ 
modore BASIC interpreter expects all numbers to be in 
decimal form and converts them into hexadecimal when 
the program is executed. A look-up table is used to 
reconvert the hex into the proper BCD format. The five 
bytes are then sent out one by one, starting from the 
highest address, as required by the CAT system. 

BASIC program 

The BASIC part of the program (fig. 1) isstraightfor- 
ward and can be segmented as follows: 

The program is initialized in lines 100 to 220. A title 
screen at lines 3000 to 3160 (subroutine) is displayed 
while the machine language part in lines 4000 to 4114 
(subroutine) is being loaded. SYS 52480 is similar to 
OPEN File No. 1 for 4800 baud, eight bits per byte, two 
stop bits, and no parity. Line 210 determines the start¬ 
ing frequency. 

The main screen is set up in lines 1000 to1150(seefig. 
2). The keys available for commands are indicated within 
brackets. The upper row on the keyboard is used for 
general commands; the lower row — plus "A" and 
— fortuning in steps of 10 Hz to 100 kHz. "F" is for steps 
of any size and "Q" for quitting the program. 

Note that Band Down and Band Up have different 
functions, depending on whether the FT-757GX is in 
Amateur Band or General Coverage mode, and 
whether or not MR/VFO has been activated (see the 
FT-757GX Operating Manual). This short program 
doesn't take into account frequency changes made with 
Band Down or Band Up, so in order to get the Correct 
screen display, you'll need to reinitialize the program by 
pressing "F" and entering the actual frequency before 
using the Fine Tuning keys. This isn't a problem, since 
you can still go directly to any frequency with the "F" 
command. 

By Kjell W. Strom, SM6CPI, P.O. Box2,1-28041 
Arona, Italy 
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Table 1. Command byte codes. 



function 

hexadecimal 

decimal 

Band Down (multifunction) 

08 

8 

Band Up (multifunction) 

07 

7 

Dial Lock (on/off) 

04 

4 

Clarifier (on/off) 

09 

9 

Split Frequency {on/off 1 

01 

1 

Switch between VFO A and B 

05 

5 

Transfer VFO to Memory 

03 

3 

Transfer Memory to VFO 

06 

6 

Exchange between VFO and 



Memory 

OB 

11 

Temporary check of Memory 

02 

2 

Frequency Set 

OA 

11 


fig. 1. BASIC language program for CAT control of Yaesu 
FT-757GX. 


20 REM CAT CONTROL FOR YAESU FT-757GX 
30 REM AND COMMODORE 64 

40 REM BY KJELL W. STROM. SM6CPI 
50 REM JUNE 5, 1987 

60 REM 
70 REM 

100 REM *** LOAD ML ANO OPEN FILE FOR 4800 BAUD *** 

no GOSUB 3000:GOSUB 4000: SYS 52480 

200 REM *** SET INITIAL FREQ (10000 KHZ) *** 

210 A=10000 

220 GOSUB 2100 

1000 REM *** MAIN SCREEN *** 

1010 PRINTCHR${147}"[RVS] YAESU FT-757GX CAT PROGRAM BY SM6CPI " 
1015 PRINT:PR ENT:PRINT 

1020 PRINT"NEW FREQUENCY [F] QUIT [Qj" 

1030 PRINT:PR I NT:PRINT:PRlNT" FINE rUNING" 

1040 PRINT” « - <KHZ> +>> " 


1100 PRINT” 
1110 PRINT" 
1120 PRINT" 
1130 PRINT" 
1140 PRINT" 


[2] BAND UP" 

[4] CLARIFIER" 

[63 VFO A/B” 

[8] M=>V" 

[0] MR/VFO" 

KHZ":PRINT"[UP]"A 


1040 PRINT" « - <KHZ> +> > “ 

1050 PR1NT"[A]100 100[;j" 

1060 PRINT 

1070 PRINT"10 5 1 .1 .01 .01 .1 1 5 10" 
1080 PR I NT 11 [ Z 3 [X] [C] [V3 [B] [N] [M] [.] [.] [/]” 

1090 PR I NT’’[DOWN]---*- 

1100 PRINT" [1] BAND DOWN [2] BAND UP" 

1110 PRINT" [3] DIAL LOCK [4] CLARIFIER" 

1120 PRINT" [53 SPLIT FQ [63 VFO A/B" 

1130 PRINT" [7] V=>M [8] M=>V" 

1140 PRINT" [9] V= >/<=M [0] MR/VFO" 

1150 PRINT "[HOME J[DOWNj[DOWN] KHZ":PRINT"[U 

1160 GET C$: IF C$="" GOTO 1160 

1170 IF C$="B" THEN A=A-.01:GOTO 1600 

1180 IF C$="N" THEN A=A+.01:GOTO 1600 

1190 IF C$="V" THEN A=A-.1:G0T0 1600 

1200 IF C$="M" THEN A=A+.1:G0T0 1600 

1210 IF C$="C" IHFN A=A-1:60T0 1600 

1220 IF C$ = V* THEN A=A+1:G0T0 1600 

1230 IF C$="X" THEN A=A-5:60T0 1600 

1240 IF C$=\" THEN A=A+5:GOTO 1600 

1250 IF C$="Z" THEN A=A-10:GOTQ 1600 

1260 IF C$='7" THEN A=A+10:GOTO 1600 

1270 IF C$="A" THEN A=A-100:GOTO 1600 

1280 IF C$ = fi ;" THEN A=A+100:GOTO 1600 

1290 IF C$ = f! F" THEN GOSUB 2800:60TO 1000 

1300 IF C$="1" THEN POKE 52592,8:SYS 52526:GOTO 1160 

1310 IF C$="2" THEN POKE 52592,7:SYS 52526:GOTO 1160 

1320 IF C$=“3" THEN POKE 52592,4:SYS 52526:GOTO 1160 

1330 IF C$="4" THEN POKE 52592,9:SYS 52526:G0T0 1160 

1340 IF C$="5" THEN POKE 52592,1:SYS 52526:G0T0 1160 

1350 IF C$="6" THEN POKE 52592,5:SYS 52526:GOTO 1160 

1360 IF C$="7" THEN POKE 52592,3:SYS 52526:GOTO 1160 

1370 IF C$="8" THEN POKE 52592,6:SYS 52526:G0T0 1160 

1380 IF C$="9" THEN 'POKE 52592,11:SYS 52526;GOTO 1160 


1220 IF C$=\ 
1230 IF C$="X 
1240 IF C$=\ 
1250 IF C$ = "Z 
1260 IF C$=’7 
1270 IF C$="A 
1280 IF C$ = fi ; 
1290 IF C$ = f! F 
1300 IF C$ = "1 
1310 IF C$ = "2 
1320 IF C$=“3 


1390 IF C$="0" THEN POKE 52592,2:SYS 52526:6070 1160 
1580 IF C$="Q" GOTO 2900 
1590 GOTO 1160 

1600 REM *** ROUND OFF AND CHECK RANGE *** 

1610 A-INT(A*100+.5)*.01 

1620 IF A<500 THEN A=500 

1630 IF A>29999.99 THEN A=29999.99 

1640 GOSUB 2100 

1650 GOTO 1150 

2100 REM *** SLICE FREQ ANO OUTPUT *** 

2110 A$=MID$(STR$(A),2) 

2120 IF A=INT(A) THEN A$*A$+V 
2130 A$= "000"+-A$f’'00" 

2140 FOR 1=1 TO LEN(A$) 

2150 DP$=MID$(A$,I,1) 

2160 IF DP$=V THEN DP=I:GOTO 2400 
2170 NEXT 

2400 A$=MID$(A$,DP-6,6)+MlD$( A$ ,0P + 1,2) 

2410 F1=VAL(MID$(A$,1,2)) 

2420 F2=VAL(MID$(A$,3,2)) 

2430 F3=VAL(MI0$(A$,5,2)) 

2440 F4=VAL(MID$(A$,7,2)) 

2450 POKE 52593,FI 
2460 POKE 52594,F2 
2470 POKE 52595, F3 
2480 POKE 52596,F4 
2490 POKE 52592,10 
2500 SYS 52512 
2510 RETURN 

2800 REM *** NEW FREQUENCY *** 

2810 INPUT"[DOWN][DOWN3[DOWN]FREQUENCY KHZ";A 

2820 A=INT(A*1Q0+.5)*.01 

2830 IF A<500 THEN A=500 

2840 IF A>29999.99 THEN A=29999.99 

2850 GOSUB 2100 

2860 RETURN 

2900 REM *** REM CLOSE FILE AND QUIT *** 

2905 PRINT:PR I NT:PRINT 

2910 PRINT" ARE YOU SURE 7 " 

2920 GET C$:IF C$=“" GOTO 2920 

2930 IF C$="Y" THEN SYS 52578:PRINT CHR$(147):END 

2940 GOTO 1000 

3000 REM *** TITLE SCREEN WHILE ML IS LOADING *** 

3010 H1$=" CAT PROGRAM FOR" 

3020 H2$=" YAESU F T - 7 5 7 G X" 

3030 H3$=" BY KJELL W. STROM, SM6CPI" 

3040 PRINTCHR$(147):PRINT:PRINT:PRINT:PRINT 
3050 FOR 1=1 TO LEN(H1$) 

3060 PRINT MID$(H1$,I,1); 

3070 NEXT 

3080 PR INT:P RI NT 

3090 FOR 1=1 TO l£N(H2$) 

3100 PRINT MID$(H2$,1,1); 

3110 NEXT 

3120 PRINT:PRINT;PRINT 
3130 FOR 1=1 TO LEN(H3$) 

3140 PRINT MID$(H3$,I,1); 

3150 NEXT 
3160 RETURN 

4000 REM *** LOAD ML ROUTINES *** 

4010 FOR 1=52480 TO 52696:READX:POKE I,X:NEXT 
4020 RETURN 

4100 DATA 169,1,162,2,160,3,32,186,255,169,4,162,104,160,205 

4101 DATA 32,189,255,32.192,255,162,3,189,108,205,149,247,202 

4102 DATA 16,248,96,162,3,188,113,205.185,117,205,157,113,205 

4103 DATA 202,16,244,162,1,32,201,255.173,14,220,41,254,141 

4104 DATA 14,220,162.4,189.112,205,168,173.161.2,41,1,208,249 

4105 DATA 152,32,210,255,202,16,238,173,161,2,41,1,208,249 

4106 DATA 32,204,255,173,14,220,9,1,141,14.220,96,169,1,32 

4107 DATA 195,255.96.0.0,2,0,0,206,0,207,75,87,83,56,55,0,1,2 

4108 DATA 3,4.5,6,7,8,9,16,17,18,19,20,21,22,23,24,25,32,33 

4109 DATA 34,35,36,37,36,39,40.41,48,49,50,51,52,53,54,55,56 

4110 DATA 57,64,65.66.67,68.69,70,71,72,73,80,81,82,83,84,85 

4111 DATA 86,87,88,89,96,97,98,99,100.101,102,103,104,105,112 

4112 DATA 113,114,115,116,117,118,119,120,121,128,129,130,131 

4113 OATA 132,133,134.135,136,137.144.145,146,147,148,149,150 

4114 DATA 151,152,153 

10000 REM *** 1 RUN 10000' FIRST TO CHECK ML OATA LINES *** 
10010 S=0: FOR I=52480 T052 696 .'REAQX: S=S+X: NEXT 
10020 IF S<>22360 THEN PRINT"CHECK ML DATA!":END 
10030 PR1NT"ML DATA OK!" 

READY. 
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fig. 2. Screen display. 


Commands entered from the keyboard are decoded 
by lines 1160 to 1590. SYS 52526 sends the bytes to the 
radio without converting from hex to BCD, since this 
isn't required for the single-byte commands. 

Verification that the frequency is inside the range of 
the FT -757GX is accomplished with lines 1600 to 1650. 

In lines 2100 to 2510 the frequency parameter is sliced 
into four bytes, as described above, after having been 
converted into a string and having found the position of 
the decimal point. SYS 52512 is the call for sending out 
the frequency byte after a hex-to-BCD conversion. 

The frequency input subroutine used with the "F" 
command is contained in lines 2800 to 2860. 

The subroutine for the QU IT command is in lines 2900 
to 2940. 

The last part of the program contains subroutines for 
the title screen and for loading of the machine language 
part, as mentioned before. 

The numbering of the program lines may seem 
haphazard; this is because some numbers were inten¬ 
tionally omitted in order to reduce the time needed for 
some of the GOSUBs and GOTOs. Renumbering to a 
tighter sequence may slow down the program a little. 

After typing in the program, SAVE it and type RUN 
10000 /RETURN/ to confirm that the DATA lines have 
been entered correctly. Otherwise, if there's a mistake 
in the DATA and you try a RUN, you may lose the 
program! 

interface 

An interface circuit serves two purposes: it translates 
the input level to a suitable output level and stops poten¬ 



tially harmful interference from one connected unit from 
reaching the other, and vice versa. 

Both the C-64 and the FT-757GX CAT system work 
with the same TTL levels, but the current needed to pull 
the CAT SI line to low, through a 680-ohm resistor, is 
probably higher than can be considered safe for the deli¬ 
cate C-64 CIA chip. We also want to minimize the pos¬ 
sibility of computer noise reaching the receiver and of 
transmitter rf reaching the computer. 

TheYaesu FIF-232C interface does this job. It accepts 
the inverted TTL level format from the C-64 if the inter¬ 
nal switch SOI is set to the position opposite from nor- 
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maL Since it also works with standard RS-232C format 
and with the two-way CAT systems of the FT-980, 
FT-757GXII, and FT-767GX, it can be regarded asavery 
flexible solution, especially since it has its own built-in 
power supply. 

For our purpose we can also use the simple interface 
circuit shown in fig. 3. It receives 5 volts from the C-64 
and can be assembled on a small IC-spacing perforated 
board as close as possible to the 24-position user port 
card edge connector. The cable from the TIL111 op- 
tocoupler output side should be shielded, with the 
screen connected to ground at the transceiver side only, 
not to computerground. Connect all unused input pins 
on the 7404 1C to ground, together with pin 7. 

summary 

This article has been intended to show how easily you 
can interface and use the CAT system with the Commo¬ 
dore 64 and the Commodore 128 in C-64 mode. It also 
offers four machine language routines you can use in 
much more powerful programs, thereby adding your 
own special features to one of today's most appreciat¬ 
ed transceivers. 
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a thumbwheel frequency 
selector for the Yaesu 
FT-757GX 


If you happen to own a Yaesu FT-757GX transceiver, 
this one-evening project will make its operation more 
convenient and enjoyable. If you don't own one, you 
may find that this article will show the ease and simpli¬ 
city with which features of modern computer-con¬ 
trollable radios can be accessed. 

Because the 757's minimum incremental tuning is 
in 500-kHz steps and the tuning dial moves only 10 
kHz per rotation, any frequency change in other than 
500-kHz steps takes several presses of the button and 
an average of 12-1/2 knob rotations! This project al¬ 
lows thumbwheel entry of any frequency, in or out 
of the current band. The design makes no modifica¬ 
tions to the radio and connects to it with only two 
plugs on the back panel. A circuit board layout is given 
for those who wish to etch a board; the design can 
also be wire-wrapped, with no degradation in perfor¬ 
mance. All normal radio functions — including tuning 
with normal front panel controls — are still available. 

design considerations 

It's best to think of the thumbwheel frequency selec¬ 
tor (TWFS) as a unidirectional data source. Yaesu 
provided an interface to accept commands from an 
external source on the back panel of the 757, which, 
among other things, accepts serially encoded binary 
data as requests for frequency selection options; these 
are documented on page 10 of the 757 Technical Sup¬ 
plement Manual. In addition to duplicating front panel 


Brian J. Mork, KA9SNF, 215 Paddock 
Drive East, Savoy, Illinois 61874 


operations, a command is provided for loading any 
specific frequency. Using this command, discrete 
frequencies may be entered without all the front panel 
dial spinning. The 757 never sends data, so no provi¬ 
sion needs to be made for data flow from the trans¬ 
ceiver. 

This circuit sends a prepackaged stream of 50 bits 
to the radio at 4800 bits per second every time you 
push a "load" button. The outputs of six BCD thumb¬ 
wheel switches are part of the 50-bit stream and indi¬ 
cate what frequency is requested. The thumbwheels 
provide frequency selection with a resolution of 100 
Hz. A two-wire data cable goes from the TWFS to the 
radio back panel and connects to pins 1 and 2 (the 
left and middle pins as viewed from the back) of a 
three-pin connector formally designated as J12 or the 
EXT CNTL jack. (See pages 9, 10, and 40 of the 757 
Technical Supplement Manual for additional details.) 

This pair of data wires, carrying TTL voltage levels, 
is the only connection to the 757 radio that's neces¬ 
sary. But in order to operate the TWFS, a power 
source providing 5 volts is also required. One additional 
connection to the 757 back panel provides 13.8 vdc 
at 800 mA through an RCA phono plug. Using a three- 
terminal fixed regulator to convert the 13.8 volts 
provided by the transceiver to a regulated 5 volts, the 
prototypes were measured to draw 165 mA from the 
radio. If no other accessories use this connection, it 
may be used to power the TWFS. 

design details 

The schematic for the TWFS is shown in fig. 1. The 
555 provides the clock pulses to the 74LS393 at a fre¬ 
quency of 19.2 kHz. The internal G a and Gt, stages 
of the 393 divide the signal frequency by 4 and the 
remaining six count-stages provide a 6-bit binary num¬ 
ber updated at the rate of 4800 Hz. The frequency 
adjustment of the 555 is done with a ten-turn rheo¬ 
stat. Frequency stability of the 555 is sufficient in this 
application because of the short bursts of data that 
are sent. For instance, assume that the Yaesu can 
tolerate a 1/8 bit error in order to read the data cor¬ 
rectly. A 1/8 bit error on the 50th bit implies 0.25- 
percent relative error, allowing a frequency range of 
the 555 from 19.152 to 19.248 kHz. 

The 393 is configured as a 6-bit counter that auto¬ 
matically shuts itself off when it gets to a count of 50. 
Every time the load button is pressed, the counter is 
reset to zero and counts to 50 one more time. The 6-bit 
binary number generated by the 393 is interpreted by 
the three 74150 and one 153 multiplexers so that one 
of 50 TTL levels are sequentially provided at the out¬ 
put of the 153. 

When no data is being sent (i.e., you haven't 
pressed the load button recently), both address lines 
to the 153 are high and the HALT signal on pin 13 of 
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Table 1. Wiring and data description. 


Bit 

Data 

Wjre 


Bit 

Data 

Wire 


no. 

source 

to 

Description 

no. 

source 

to 

Description 

0 

74150A-8 

0 

partial bit 





1 

- 7 

1 

start 

26 

74150B -21 

p20 

1 MHz-1 

2 

-6 

1 

10 Hz-1 

27 

-20 

p19 

1 MHz-2 

3 

-5 

1 

10 Hz-2 

28 

-19 

P22 

1 MHz-4 

4 

-4 

1 

10 HZ-4 

29 

-18 

p21 

1 MHz-8 

5 

-3 

1 

10 Hz-8 

30 

-17 

0 

stop 

6 

-2 

p4 

100 Hz-1 

31 

- 16 

1 

start 

7 

-1 

p3 

100 Hz-2 

32 

74150C-8 

p24 

10 MHz-1 

8 

-23 

p6 

100 Hz-4 

33 

-7 

p23 

10 MHz-2 

9 

-22 

p5 

100 Hz-8 

34 

-6 

p26 

10 MHz-4 

10 

-21 

0 

stop 

35 

-5 

p25 

10 MHz-8 

11 

-20 

1 

start 

36 

-4 

1 

100 MHz-1 

12 

-19 

P8 

1 kHz-1 

37 

-3 

1 

100 MHz-2 

13 

-18 

P7 

1 kHz-2 

38 

-2 

1 

100 MHz-4 

14 

-17 

plO 

1 kHz-4 

39 

-1 

1 

100 MHz-8 

15 

-16 

p9 

1 kHz-8 

40 

-23 

0 

stop 

16 

74150B-8 

p12 

10 kHz-1 

41 

-22 

1 

start 

17 

-7 

pll 

10 kHz-2 

42 

-21 

1 


18 

-6 

p14 

10 kHz-4 

43 

-20 

0 


19 

_5 

p13 

10 kHz-8 

44 

-19 

1 


20 

-4 

0 

stop 

45 

-18 

0 


21 

-3 

1 

start 

46 

-17 

1 


22 

-2 

p16 

100 kHz-1 

47 

-16 

1 


23 


pi 5 

100 kHz-2 

48 

-HALT- 

command 

24 

-23 

p18 

100 kHz-4 

49 

-HALT- 


to load 

25 

-22 

p17 

100 kHz-8 

50 

-HALT- 

frequency 


NOTE: The column headed “Wire to" lists either a header pin number, a "0,” or a “1." Header pin numbers 1 and 2 are grounded. 
Each of the remaining 24 header pins must have a 10k pullup resistor. “0“ bits are wired to ground and "1" bits are wired to the 
580 - ohm pullup resistor. The column headed “Description" indicates how the bit will be interpreted by the 757 transceiver. Remem¬ 
ber that the 150s invert the data. 
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fig. 2. Upper (component) side artwork of frequency selector circuit. Be sure 
to use 1C sockets that allow soldering on the top side of the board. 



fig. 3. Lower (major foil) side artwork of frequency selector circuit. 



















































































































































Components for thumbwheel frequency selector. 

Integrated circuits 
1 7805 

1 555 

1 74LS00 

1 74LS10 

1 74LS393 

1 74LS153 

3 74150 

Resistors (all 1/4 watt) 

1 580-ohm (pullup tor 17 TTL lines) 

26 10k (thumbwheel and two switch pullups,3x9 SfPS ) 

1 10k miniature ten-turn potentiometer 

1 3k (555 timing) 

1 10k (555 timing) 

Capacitors 

7 0.01 /tF (1C decoupling) 

1 0.01 (555 timing, mylar) 

1 50pF (decoupling of 13.8-volt supply, electrolytic) 

1 6.8/tF (decoupling of 5-volt supply, tantalum) 

Hardware 
1 7805 heatsink 

1 Pushbutton switch, 1-pole, 2-throw 

6 BCD thumbwheel switches 

1 RCA phono plug (power, 757 connector) 

1 3-pin SIP socket (0.1-inch spacing, 757 connector) 
1 26-pin, 0.1-inch DIP header and socket 

1 3-pin 0.1-inch SIP header and socket 

2 2-pin 0.1-inch SIP header and socket 

1 Cabinet 


the 153 is available as data — a TTL high level. As 
soon as you press the load button, the 393 counter 
clears to zero and pin 8 of 74150A is sent out as data. 
Because your button presses aren't synchronized with 
the clock, this first bit of data may or may not be held 
for a full 208.3 ^sec (1/4800). That's OK because it's 
a TTL high signal — the same as the quiescent volt¬ 
age level. In effect, the bit sequence has started but 
the 757 doesn't care that the first bit is too short be¬ 
cause it doesn't recognize the TTL high level as the 
first bit. 

The next 40 bits (bits 1-40) encode the thumbwheel- 
selected frequency digits. Data is sent in four 8-bit 
chunks. Each chunk is prefixed with a start bit (TTL 
low) and followed by a stop bit (TTL high), yield¬ 
ing a total of 40 bits. Within each 8 bits, two BCD 
numbers are sent least significant bit first. These 
numbers are read directly from the contacts of the 
thumbwheels, necessitating selection of thumbwheel 
switches with BCD outputs. The frequency is sent 
least significant digit first. The 100-MHz digit and the 
10-Hz digit are permanently wired as zero. The 10-MHz 
through 100-Hz digits are read from the thumbwheels. 

The last 8-bit value sent is decimal 10, which indi¬ 
cates to the transceiver that all the previous data 
should be interpreted as a frequency. The start bit and 
the first 6 bits of this data are retrieved through the 
150/153 multiplex chain as all other bits were. The last 
3 bits (0,0,1, sent in that order) actually reflect the 
status of the counter HALT signal. During the last 3 


bits (48-50) the HALT line, which goes high to disable 
the counter when a count of 50 is reached, is fed 
through the 153. During counts 48 and 49, it is false 
(TTL low); on the 50th count, it goes true (TTL high). 
Because 555 pulses are locked out with this same sig¬ 
nal, the data line stays indefinitely high. 

Note that the 150 chip inverts data before passing 
ft to the 153. This is the way most BCD switches work 
— grounding the logical true pins. Bits 0-47 are sent 
through the 150s and so are wired inverted. Bits 48-50 
(the HALT line) are not inverted by the 153 alone. 

construction 

The artwork for a double-sided circuit board is 
shown in figs. 2 and 3. A parts list is provided. The 
entire prototype was built using available components, 
though substitutions may be made. The only critical 
parts values are in the 555 timer circuit, and even these 
values could be recalculated to allow use of what you 
have in stock, following the formulas provided in man¬ 
ufacturers' data books. Although low-power Schottky 
integrated circuits are called for wherever possible, 
standard TTL chips would suffice. The power supply 
drain will increase, but no difference in operation will 
be noticed. 

The circuit is simple enough to be wire-wrapped by 
hand; in fact, the prototype was wired on two small 
prototype boards with all the little holes. Provision is 
made on the pc board for a 7805 voltage regulator and 
its two bypass capacitors, assuming the 13.8 volt sup¬ 
ply from the radio will be used. This portion of the cir¬ 
cuit is not shown on the schematic, Refer to a 
manufacturer's data book or the ARRL's Radio Handr 
book for details about the 7800 family of regulators. 
The connections to the 48 data lines of the 150s are 
listed in table 1. 

Power connections and unused pins for all ICs are 
tabulated in table 2. I advise the following general 
order of construction and check-out. Using 1C sock¬ 
ets, wire the entire circuit, including all non-IC com¬ 
ponents, Component placement — following the 
markings on the circuit board — should be straight¬ 
forward. Each of the 1C positions is marked with a 
square pad to indicate pin 1. Three columns of ten 
holes provide a mount for the SIP resistor packages. 
If SIPs aren't available, mount nine 10k resistors on 
end, then connect all the tops of the resistors together 
and into the tenth hole (5 volts). Three holes are pro¬ 
vided for a horizontal-style ten-turn potentiometer. 
Two holes relatively close together provide a mount for 
a radial lead, 13.8-volt decoupling capacitor, but a 
larger axial lead capacitor can be mounted by doubling 
one lead back next to its casing. 

Four off-board connections need to be made. The 
power and data connections are each made with two 
wire cables. The load switch connects to the board 
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Table 2. Power connections and unconnected pins for 
ICs. 


IC 

+ 5 volts 

Ground 

Not Connected 

555 

8 

1 

5 

74LS393 

14 

7 

3,4 

74LS10 

14 

7 

8-11 

74LS00 

14 

7 

8 10 

74LS153 

16 

8 

1,3-7 

74150 

24 

12 

None 


with three wires. Each of these connections can use 
0.1-inch space header strips for neatness. The con¬ 
nection to the thumbwheels is made with a 26-pin 
0.1-inch space dip header. Twenty-five pins are need¬ 
ed (24 BCD data lines and one common ground line); 
they're listed in table 1. 

Install the 7805 regulator. A mounting hole is provid¬ 
ed for laying the regulator flat on its back, but it can 
be left upright if you wish. In either case, a heatsink 
is suggested. Apply power and verify that the correct 
voltages are applied to the proper 1C socket pins. With 
the power off, insert only the 555. Then — with the 
power back on — check to see that pin 14 of the 
74LS10 socket is receiving an oscillating TTL signal. 
Adjust the ten-turn potentiometer until a frequency of 
19.20 kHz is obtained. Turn the power off. 

Install the 393, the 10, and the 74LS00. Apply power 
again and confirm that pins 2 and 12 of the 393 are 
stable at a TTL low level. Pressing and holding the load 
switch should make these pins go to a high level. As 
you're holding in the switch, pin 1 of the 393 should 
be receiving an oscillating signal. Release the load 
switch. Pin 1 should stop oscillating in approximately 
10.4 msec (the time needed to send 50 bits). If a dig¬ 
ital event counter is available, measure pin 5 of the 
393. It should be low while the load button is de¬ 
pressed and count 25 iow-to-high transitions when the 
load button is released. Many frequency counters can 
be used as event counters by locking their count gate 
open. 

With the power off, install the remaining four ICs. 
Turn on the power one last time, using the plug on 
the back of the radio if that's your final intention. At 
this point, the data output (pin 9 of the 153) should 
be stable in a TTL high state and a valid 5-byte se¬ 
quence of data should appear whenever the load 
switch is pressed and released. Connect the ground 
side of the data connection to the left side and the 
data line itself to the center pin of the three-pin con¬ 
nector on the back of the 757 (J12). Dial a valid 
Amateur band frequency on the thumbwheels and 
press the load button. The radio should switch directly 
to that frequency! 

If the transceiver doesn't switch to the requested 


Table 3. Bit sequences for two sample frequencies: (A) 
10.000 MHz, and (B) 29.999 MHz. The data sent by the 
TWFS will be interpreted by a normal ASCII computer 
terminal as the characters listed Ten H bit groups must 
be sent with a maximum of 100 msec betwwen them in 
order to be interpreted correctly by the transceiver. 

(A) 10.000 MHz 

bits 1-10 

0 0000 0000 1 cntrl 

11 20 

0 0000 0000 1 cntrl <g) 

21 30 

0 0000 0000 1 cntrl-(S) 

31-40 

0 1000 0000 1 cntrl-A 

41 50 

0 0101 0000 1 line feed 

(B) 29 999 MHz 

bits 1-10 

0 0000 1001 1 cntrl P (8 bit set) 

11 20 

0 1001 1001 1 cntrl Y (8 bit set) 

21 30 

0 1001 1001 1 cntrl V (8 bit set) 

31-40 

0 0100 0000 1 cntrl-B 

41 50 

0 0101 0000 1 line feed 


frequency after you release the load button, most likely 
one of the data lines into the 150 multiplexers has been 
wired incorrectly. If, after careful checking, everything 
looks correct, the following procedure may reveal the 
problem. Disconnect pin 3 of the 555 from its 1C socket 
(bend it out horizontally) and plug a slowly oscillating 
TTL signal (about 4 Hz) or a low-pulse generator into 
pin 3 of the socket. Press and release the load switch. 
A TTL high level should be available as output data. 
Every four oscillations of the signal generator should 
cause pin 5 of the 393 to change and the data line to 
the radio should update. Set the frequency to 100000 
and confirm the bit sequence shown in table 3(A). 
A frequency of 299999 should provide the bit sequence 
shown in table 3(B). 

conclusion 

This should be a fairly simple project for anyone who 
has worked — even just a little — with digital logic 
circuits. The idea of simply multiplexing hard-wired 
data sequentially out a data line is about as simple a 
communication scheme as possible. I hope others will 
expand this concept to enable a computer to provide 
data to the radio. I know useful commercial programs 
are available, but designs that add greatly to operat¬ 
ing convenience don't need to be difficult to do 
yourself! 

Ironically, although I've had fun designing the cir¬ 
cuit and building several copies of it, I no longer have 
a 757 with which to use it. Therefore, I wish to ex¬ 
press thanks to Gary LaPook, KA9UHH, for the use 
of his radio during the design of the project and for 
proofing the first prototype under actual use condi¬ 
tions. There's a hamfest coming up. / wonder what 
a used 757. might cost? 

ham radio 
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a new country for you? 

We were sitting on the beach in 
front of the luxury hotel. As cool trade- 
winds caressed us, we enjoyed a 
second tall, iced glass of Long Island 
Iced Tea (1/3 each vodka, gin, and 
white rum, with a splash of cola for 
color). 

"How about going on a DXpedition 
to a new country?" I asked The Big 
DXer. 

"No way," he replied. "Look at the 
cost of the Bear Island trip. Activating 
a new country is too expensive these 
days." 

I gestured toward the horizon. 
"There's your new country — only a 
few miles away. You can spend your 
nights right here in this dandy resort, 
living it up, and helicopter over and 
back each day. A 15-minute trip to a 
new country! Think how many hams 
you'd make very happy!" 

The Big DXer stared at the island. 
"It looks easy," he said. "What's the 
trick? Why hasn't it been activated 
before?" 

"Weil," I replied, "there's a little 
problem . . . 

The barren island of Kahoolawe lies 
a scant dozen miles south of the island 
of Maui, Hawaii. Uninhabited, it has 
no water or electric power. Jurisdiction 
rests with the United States Navy, 


much as in the case of Midway Island; 
the same reasons that Midway is ac¬ 
cepted as a separate DX country, then, 
should be applicable to Kahoolawe. 

The "little problem" is that this is¬ 
land is known as the "bombing island" 
because it's used by the military for 
bombing and assault practice. The 
whole surface of the island, it is said, 
is covered with unexploded ordinance. 
There's a boat dock, however, with an 
area around it that's considered safe 
for occupancy. Armed with a gasoline 
generator, a transceiver, and a port¬ 
able antenna, DXers could conceivably 
operate from this area -- if they could 
obtain permission to land. 

Squinting at the island. The Big 
DXer admitted, "It would be nice to 
know who in the Navy to approach. 
Maybe a DXpedition to Kahoolawe is 
in the cards after all. I'll have another 
Long Island Iced Tea." 

the 10, 18, and 24-MHz 
bands 

As a result of an ITU conference 
some years ago. Radio Amateurs were 
granted operating privileges in narrow 
bands in the 10, 18 and 24-MHz re¬ 
gion. Let's look at these bands as they 
appear in the fall of 1987, together with 
some simple antennas that will get you 
on these bands quickly. 

Although the 50 kHz-wide 10-MHz 


band HO. 100 to 10.150 MHz) has en¬ 
joyed a modest amount of CW activ¬ 
ity over the years, it's still largely 
ignored by most Amateurs. One or 
two loud commercial stations operat¬ 
ing in this range must be avoided, but 
otherwise the band is good for DX — 
if activity can be found. 

It seems to me that in order to 
awaken general interest in the band, 
a portion of it should be opened to 
sideband operation, I therefore pro¬ 
pose that the top 25 kHz be opened to 
sideband. Before the band became 
available for general Amateur use, I 
operated sideband on 10.105 MHz 
with an experimental license for several 
months; I can attest to the fact that 
allocating even a small segment of this 
assignment to sideband would be of 
great benefit to Amateur Radio. How 
about a petition in this regard, ARRL? 

Although available to Amateurs in 
over 40 countries, the 18-MHz band 
(T8.068 to 18.168 MHz) is barred to 
United States hams because of alleged 
use by the military. But a number of 
operators monitored this frequency 
region for several months during the 
early summer of 1987 — see fig. 1 for 
a summary of the results of their work. 

There's a small amount of overseas 
Amateur CW operation from 18.068 to 
18.075 MHz. Sometimes there's a 
RTTY signal on 18.070. When it's ac~ 
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tive, that frequency is avoided. This 
signal isn't on often, however, and 
when it's on, it's usually in "idle" 
mode. The BBC overseas service is 
quite active on 18.08, and there's a 
cluster of RTTV and FAX activity from 
18.088 to 18.093 MHz. 

Two RTTV weather signals are quite 
active near 18.104, with a multiplex 
signal slightly higher than 18.120 MHz. 
Near 18.130 there's a FAX transmis¬ 
sion with a "piccolo" signal just above 
it. There are CW signals near 18.140 
and 18.150. At the top of the range, 
there are several RTTY stations near 
18.165 MHz. 

It isn't clear that any or all of these 
stations are United States military. In 
fact, some of the signals sound as if 
they're arriving from overseas. None 
of them are on continuously except for 


the BBC relay transmission on 18.080 
MHz, which is very active. 

Amateur sideband operation takes 
place around 18.10 MHz. Stations in 
Europe, Africa, South America, and 
Australia have been logged from time 
to time. 

After observing the 18-MHz band 
for over four years, it seems to me that 
the military's need for this span of fre¬ 
quencies makes for a pretty thin argu¬ 
ment. I propose that the burden of 
proof of usage be placed on those 
opposing the presence of United 
States Amateurs in this band. Merely 
stating that the band is in use by the 
military, without proof of occupancy, 
should not justify the FCC's withhold¬ 
ing the band until 1989. 

Australia had several government 
and military assignments in this fre¬ 
quency range. When they opened the 
band to VK hams, they merely identi¬ 
fied certain small spots as "off limits" 
to Amateur operation. Our govern¬ 


ment could do the same thing if it 
wanted to! 

The 24-MHz band (24.89 to 24.99 
MHz) is in good use and, as the sun¬ 
spot cycle rises, will quickly become 
one of the better DX bands. Overseas 
DX signals pound in, even from sta¬ 
tions running low power. Make sure 
you operate this band during the fall 
and winter DX season! 

You can get on the 10, 18, and 
24-MHz bands quickly with a dipole 


antenna cut to the dimensions shown 
in fig. 2. Even if you can't transmit on 
these bands, I urge you to listen, just 
to get the "feel" of propagation in 
these interesting portions of the radio 
spectrum. 

WOSVIVTs mini-dipole 

Amateurs have used miniature an¬ 
tennas on 40 meters for years, The 
smallest antenna that comes to mind 
is the loaded 40-meter mobile whip. 
Some hams who've placed two of 
them back-to-back to form a compact 
dipole (about 16 feet long) have found 
that the mini-antenna works quite well 
if it's mounted up in the air. 

Even so, the 16-foot antenna is still 
too big for some hams who are un¬ 
lucky enough to be handicapped by 
location. How about an indoor 40- 
meter antenna? 

Jack Sobel wrestled with this idea 
for some time and finally came up with 
the antenna shown in fig. 3. He decid¬ 


ed to use a long, thin radiating coil, or 
helix. Many hams frown on the helix 
antenna, but Jack and others have had 
good luck with the configuration. 

Since material was at hand to make 
an antenna about 2 feet long, he 
decided this length would be a good 
place to start. The idea was to wind 
the antenna into a helix, or coil, and 
then place a matching coil at the 
center. Because the radiation resis¬ 
tance of the helix was bound to be 
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TRANSMATCH 

fig. 3. The mini-antenna of WOSVM. Adjust coax tap for best SWR at resonance. 





NOTE 

Cl s 22 y F, NON POLARIZED 
C2 ~ IOyF, NON POLARIZED 
LI- imH 

fig. 4. Communications network speaker system. 


very low, Jack chose a tapped match¬ 
ing coil technique to approximate a 
match to a 50-ohm line. And since 
antenna Q would be very high, he 
decided to use a Transmatch at the 
station end of the transmission line. 

construction details 

The antenna can be wound on a 
cardboard mailing tube. Coils LI and 
L2 are 10 inches long and wound at six 
turns per inch (60 turns per coil of No. 
12 AWG insulated wire). Coil L3 is 5 
inches long and wound at six turns per 
inch (30 turns) of No. 12 tinned wire. 
Coil L3 is wound in the direction oppo¬ 
site to the direction in which coils LI 
and L2 are wound. The braid of the 
coax line is attached to the center 
point of L3, and the center conductor 
is tapped out until a match is found to 
provide the lowest value of SWR at 
the resonant frequency of the antenna. 
Resonance is established with the aid 
of a dip meter before the antenna is 
attached. The tap point is about 2/3 
the distance from the center to one 
end of L3. (The exact point depends 
upon the coupling between the an¬ 
tenna and nearby objects and the ex¬ 
act spacing of the windings.) 

The antenna is fed with an electri¬ 
cal half-wavelength of RG-58/U coax. 
The line can be coiled up if it's too long 
to fit the available space. 

The passband of the antenna is 
quite sharp, and if operation across the 
40-meter band is desired, a Trans¬ 
match is necessary at the transmitter 
end of the line. 

The antenna should be sprayed with 
a transparent polyurethane material or 
"corona dope" (a cellulosic resin such 
as General Cement's No. 10-4702). So 
far, the antenna has been run only at 
low power levels; since there may be 
danger of corona discharge at the 
outer ends of the windings, it's best to 
use the spray coating to help prevent 
this. 

The antenna should be mounted as 
high in the air as possible and placed 
in a position where it can't be touched. 
There's very high rf potential at the 
ends of the little antenna, and an un¬ 
suspecting person could get a nasty rf 


burn during transmitter operation. 

If more space is available, two mail¬ 
ing tubes can be epoxied together and 
the turns-per-inch increased so that 
the antenna covers more length along 
the longer tube. The winding will have 
to be readjusted to frequency with a 
dip meter if this change is made. 

So far, Jack's contacts have been 
limited to a few hundred miles on 40 
meters. He says it isn't as good as a 
full-size dipole, but it's small and can 
be used in an apartment. 

a communications speaker 
system 

Tired of listening to that annoying 
high-frequency "monkey chatter " that 


seems to sneak through the receiver 
filter system? It can be extremely tiring, 
especially in a DX contest. The VK 
boys seem to have a handle on that 
problem. Rodney Champness, VK3UG, 
writing in the March, 1987, issue of 
Amateur Radio, the publication of the 
Wireless Institute of Australia, shows 
a simple audio filter that can be placed 
in the speaker line (fig. 4) to substan¬ 
tially reduce frequencies above 2500 
Hz. A switch on the filter allows nor¬ 
mal wideband reception to be retained. 

The 1-mH inductor should be able 
to carry the audio current in the speak¬ 
er circuit (something less than 1 
ampere). 

ham radio 
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PRACTICALLY SPEAKING ...TT^ 


using voltage 
comparators 

A voltage comparator is basically an 
operational amplifier (or derived from 
the op amp) that has no negative feed¬ 
back network (see fig. 1A). The open- 
loop gain of the op amp is very high 
— on the order of 50,000 at the low 
end to more than 1,000,000 for many 
devices. Thus, with no negative feed¬ 
back the operational amplifier func¬ 
tions as a very high-gain amplifier with 
an output that saturates with only a 
few millivolts input potential. For ex¬ 
ample, with a gain of 100,000, and a 
maximum output potential of 10 volts, 
the amplifier will saturate with only 10 
volts/100,000, or 0.1-mV input. 

So what use is an amplifier that sat¬ 
urates with only a few millivolts of 
input voltage? The comparator is used 
to compare two input voltages and 
generate an output that denotes their 
relationship. In fig. 1A, potential Vi is 
applied to the inverting input, and V 2 
is applied to the noninverting input. If 
Vi = V 2 , then V 0 = 0. Otherwise, the 
output voltage obeys the relationships 
shown in fig. IB. The transfer func¬ 
tion of the comparator is shown in fig. 
IB. According to the normal rules 
for operational amplifiers, when Vi is 
larger than V 2 (see fig. 1A), it looks 
as if a positive input has been applied 
to the inverting input, so the output 
potential saturates at V - . Alternative¬ 
ly, when Vi is smaller than V 2 , it looks 
like a negative input potential, so the 
output is V + . 

Typical Amateur examples include 


over- and under-deviation alarms on 
repeater receiver detector outputs, and 
over-temperature alarms for electronic 
equipment. For example, some form 
of alarm is needed at unattended re¬ 
peater sites. The comparator can be 
used to let the control operator know 
by telephone or radio telemetry link 
that something is amiss. Other appli¬ 
cations will occur to most readers in 
the light of their own special needs. 

There is a small hysteresis band 
around zero, however, where no out¬ 
put changes occur. This is an unfor¬ 
tunate defect in practical op amps, and 
seems to fly in the face of the theory 
when that hysteresis band is larger 
than the potential needed to saturate 
the output terminal. 

Several years ago, while working in 
a hospital electronics lab, I measured 
the hysteresis band on a number of 
operational amplifiers and 1C compar¬ 
ators (LM-311). Not surprisingly, the 
741-family devices had terrible hystere¬ 
sis levels, on the order of 25 mV. The 
LM-311 devices had 8- to 10-mV hys¬ 
teresis, which surprised me. Also sur¬ 
prising was the fact that then-premium 
devices such as the juA-725 had 10 to 
20 mV of hysteresis (I haven't tested 
modern high-performance units). The 
overall best device was a non-premium 
device that is readily available to 
Amateurs and other hobbyists: the 
CA-3140 (a BiMOS operational ampli¬ 
fier), which uses the industry standard 
"741" pinouts, as shown in fig. 1A. 

The LM-31 1 device (fig. 2A) is a 
low-cost voltage comparator in 1C 
form. Although based on op amp cir- 
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fig. 2A. LM-311 voltage comparator. 

fig. 2B. Zeners improve transfer charac¬ 
teristic and speed, and limit output vol¬ 
tage of the comparator. 


cuitry, this device is specifically 
designed as a comparator. Contrary to 
op amp practice, it has a ground ter¬ 
minal (pin 1 ) and requires an output 
pull-up resistor (R) to a positive vol¬ 
tage. The output terminal can drive 
loads such as relay coils, lamps, and 
LEDs to potentials of 40 to 50 volts (de¬ 
pending upon the type of device) and 
50 mA. If the LM-311 is operated for 
compatibility with TTL digital logic, the 
pull-up resistor should be terminated 
at a + 5 VDC potential, and R should 
be 1 to 3.3 k. 

A means for limiting the output level, 
improving the sharpness of the trans¬ 
fer function corners (see fig. IB), and 
improving speed by reducing latch-up 
problems, is shown in fig. 2B. In this 
circuit, two zener diodes are connect¬ 
ed back-to-back across the output line. 
When the output voltage is HIGH, it 
is then limited to V^i + 0.7 volts; 
when LOW, it is \Jj2 + 0.7 volts. 
These potentials represent the zener 
voltages of CR-| and CR 2 , plus the nor¬ 
mal forward-bias voltage drop of the 
alternate diode. 

Figure 3 shows a means for increas¬ 


ing the drive capacity of the compar¬ 
ator. In this circuit a switching 
transistor (a 2N3704, 2N2222, etc.) is 
used to control a larger load such as 
the relay coil shown here. The output 
voltage (V 0 of the comparator )is used 
to set up the bias for the NPN transis¬ 
tor. When the comparator output is 
HIGH, the transistor is biased hard-on 
and the load is grounded. Alternative¬ 
ly, when the comparator output is 
LOW, the transistor is reverse biased 
and the load remains ungrounded. 

The diode across the relay coil is 
essential for any inductive load. When 
the magnetic field surrounding a coil 
collapses the counter EMF generates 
a high-voltage spike that is capable of 
damaging components or interrupting 
circuit operation (especially digital cir¬ 
cuits). Though the diode is normally 





rr> 




*4 <( R > 


OH H. 


fig. 4. Two methods of reducing the hys 
teresis band effect: zero offset control 
and current mode operation. 



reverse biased, it is forward biased for 
the counter EMF spike. The diode 
therefore clamps the spike to about 
0.7 volts. 

Figure 4 shows two methods. One 
is a zero-offset control used to reduce 
the effects of the hysteresis band, 
while the other is the so-called current 
mode. The offset control (R 4 ) slightly 
biases one input to a non-zero level so 
that it's ready to trip when the other 
input is non-zero. In this particular case 
the inverting input is grounded (V 2 = 
0 ), but could as easily be a non-zero 
voltage. 

Current mode operation is usually 
faster and less prone to latch-up than 
voltage mode. For this reason, current 
mode comparators are sometimes 
used in high-speed analog-to-digital 
converters (A/D). Assume that the 
noninverting input is grounded. In this 
case, the output potential V 0 will 
reflect the relationship of the two cur¬ 
rents. If li = I 2 , then V 0 - 0. This cir¬ 
cuit is, to the outside observer, a 
voltage comparator in that h = V^/Ri 
and i 2 = V 2 /R 2 . Of course, it's also 
useful for current output devices such 
as the LM-334 temperature monitor 1C. 
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Figure 5 shows a zero-crossing de¬ 
tector circuit. In this case a compara¬ 
tor is connected with its noninverting 
input grounded. When V, n is non-zero, 
then the output will also be non-zero. 
But when the input voltage crosses 
zero, the output briefly goes to zero, 
producing the differential output pulse 
shown. 

A window comparator is shown in 
fig. 6 . This circuit consists of two 
comparators connected so that one or 
the other input is activated when the 
input voltage (V in ) exceeds either posi¬ 
tive or negative limits. The limits are 
determined by setting V 1 or V 2 refer¬ 
ence voltages. An over- and under¬ 
deviation alarm, as heard on some 
repeaters, is a possible application for 
this circuit. The output of the fm 
demodulator is a voltage that is 
proportional to deviation, so this cir¬ 
cuit is a natural for that use (although 
the demodulator voltage will probably 
require some amplification). The circuit 
is also used for over- and under-tem¬ 
perature alarms, and other such appli¬ 
cations where a range of permissible 
values exists between two forbidden 
regions. 

Figure 7A shows a method for 
biasing either input to a specific refer¬ 
ence voltage. Although in this case the 
noninverting input is biased and the 
inverting input is active, the roles 
can just as easily be reversed. Two 
methods of biasing are used: resistor 
voltage divider and zener diode. If R 2 


is replaced with a zener diode, then the 
reference potential is the zener poten¬ 
tial. In that case, is the normal 
current-limiting resistor needed to pro¬ 
tect the zener from self-destruction. In 
the case where a resistor voltage 
divider is used, the bias voltage V 1 is 
set by the voltage divider equation: 

V, = (Y—t ( 1 ) 

R, + R 2 

For example, suppose Ri = R 2 = 
10k, and V+ - 12 VDC: 

v = Q° k ) 12 VDC > 

1 (10k + I Ok) 

V = I20volts_ = 6 , 

l 'S/M. 



Figure 7B shows an over-tempera¬ 
ture circuit based on fig. 7A. In this 
circuit the inverting input is biased by 
R 1 /R 2 , while the noninverting input is 
set by another voltage divider, R 4 / 
RT'i. Resistance RTj is a thermistor, 
which has a resistance proportional (or 
inversely proportional in some types) 
to the temperature. Potentiometer R 4 
is used to set the trip point tempera¬ 
ture. The values of the resistors de¬ 
pend upon the set trip point desired 
and the resistance of the thermistor 
over the range of temperatures being 
monitored. 

an invitation 

I'd like to hear what you think of this 
column. I also welcome your sugges¬ 
tions for future topics. You can reach 
me at P.O. Box 1099, Falls Church, 
Virginia 22041. 

ham radio 
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PROCEEDINGS 


21st Central States VHF Society 
Conference held in Arlington, Texas, 
July 23-26, 1987. 28 papers covering 
everything from use of TVRO dishes 
for moonbounce to a solid state 
amplifier for 5,7 GHz. 166 pages. 

6th ARRL Computer Networking 
Conference held in Redondo Beach, 
California, August 29, 1987. 29 

papers (approximately 150 pages) will 
appear in the proceedings booklet. 
Copies will be available at the 
conference or from ARRL after Sep¬ 
tember 1. 

MICROWAVE UPDATE 1987 held in 
Estes Park, Colorado, September IQ- 
13, 1987. 15 papers (approximately 
100 pages) appear in the proceedings 
booklet. Copies will be available at 
the conference or from ARRL after 
September 14. 

Proceedings booklets are $10.00 each 
plus $2.50 per order for postage and 
handling ($3.50 for UPS.) 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 
NEWINGTON, CT 06111 
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Garth stonehocker, kORYW 


winter DX 

With the fall DX season (September 
and October) behind us, the winter DX 
season (November through February) 
is about to begin. Wintertime DX is 
characterized by: 

• Better signal strengths on all bands 
most of the time — but especially 
during daytime on the lower frequen¬ 
cies, particularly in low sunspot years. 

• Nighttime DX openings earlier in the 
evening. 

• More frequent transequatorial paths, 
with higher MUFs and longer distances. 

• Lower incidence of local thunder¬ 
storm-generated QRN conditions. 

• More stable signal strengths and 
fewer geomagnetic field disturbances. 

There are two main reasons for the 
first four characteristics: the tilting of 
the Earth's axis away from the sun, 
which results in shorter, colder days; 
and less ionization in the lower iono¬ 
sphere, which results in less energy 
absorption as signals travel through 
the D region. 

The amount of absorption per hop 
is related to the zenith angle to the sun 
at the location of each D region cross¬ 
ing. In working DX, it pays to use a 
higher frequency band to obtain more 
distance per hop (resulting in fewer 
transits) for less total signal loss. This 
is why we generally think of 6, 10, or 
15 meters for DXing. 

But in winter, particularly near sun¬ 
spot minimum, we have the opportun¬ 
ity to work DX on the lower frequency 
bands with lower signal loss, day or 
night, than at any other time of the 
year. You can't always count on it, 


however; signals traveling a high lati¬ 
tude path may be poor for several days 
at a time. This is known as the winter 
anomaly . 

Along with lower signal attenuation, 
QRN decreases as fewer local thunder¬ 
storms pass through. As the large 
thunderstorm areas near the equator 
move further south, their noise 
decreases by about 6 to 8 dB, This is 
particularly noticeable on the 160, 80, 
and 40-meter bands. 

Even though ion production in the 
D, E, and lower F regions is lower, ions 
are better able to diffuse and drift 
upward along the geomagnetic field 
lines into the F region. This layer is 
the major factor in defining the maxi¬ 
mum usable frequency and maximum 
on each side of the geomagnetic equa¬ 
tor, as shown in my October, 1983, 
column. These maximums, which are 
reached most evenings at about 2200 
local time, eliminate one whole earth 
bounce and its accompanying double- 
D region transits for one-long-hop 
propagation. 

The fifth characteristic of winter DX 
conditions — the increased stability of 
signal strengths and the decrease in 
the number and intensity of geomagne¬ 
tic field disturbances -- is attributable 
to the eccentricity of the Earth's orbit. 
When the Earth is closer to the sun, 
the solar flux pressure on the magne¬ 
tosphere surrounding the earth tends 
to hold the magnetosphere steadier. 
This means that the geomagnetic field 
is least disturbed during November and 
December. This manifests as least var¬ 
iation of the magnitude and direction 


of the geomagnetic field lines in an 
hour's time, translating into fewer per¬ 
iods of QSB during these months. 

last-minute forecast 

The higher-frequency bands are ex¬ 
pected to be best during the first two 
weeks of the month because of the 
probability of higher solar flux at that 
time. The new 11-year solar cycle is 
also expected to be well underway, 
with higher solar flux from the more 
active regions. More potent geomag¬ 
netic storms may accompany this in¬ 
creased activity, but they're not really 
expected during this quiet time of the 
year and at this point in the sunspot 
cycle. The most probable times of the 
month are November 2, 11, and 20. 
The lower bands are expected to be 
best the third week of the month. 
Thanksgiving weekend should be a 
good one for the whole frequency 
range. 

The Taurids meteor showers will 
occur from October 26 to November 
22 , with a maximum count of ten per 
hour from the 3rd through the 10th of 
November. Lunar perigee is on the 5th. 

band-by-band summary 

Ten and twelve meters , the highest 
day only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 3- to 
5-hour period centered on local noon. 
These bands open on paths toward the 
east and close toward the west. The 
paths are up to 4000 km (2400 miles) 
in single-hop length, and on occasion 
double that during evening transe¬ 
quatorial openings. 

Fifteen meters, a day-only DX band 
open most of each day, has lower 
signal strengths and greater multipath 
variability than 10 and 12 meters. It will 
be best when the MUF is resting just 
above this band, until it drops below 
it — a transition period that occurs 
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MADISON FALL SHOPPER 


New rigs and old favorites, plus the best essential accessories for the amateur. 


CALL FOR ORDERS 
1 (800)231-3057 

1-713-520-7300 OR 1-713-520-0550 
TEXAS ORDERS CALL COLLECT 

ALL ITEMS ARE GUARANTEEDOR SALES 
PRICE REFUNDED 
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Electronics Supply 


3621 FANNIN 
HOUSTON. TEXAS 77004 
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right after sunrise and just before sun¬ 
set. Transequatonal openings will 
occur, with distances similar to 10 and 
12 meters. 

Twenty, thirty , and forty meters are 
both daytime and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in (he northern directions dur¬ 
ing the day. In combination with 30 
meters, it provides nighttime paths for 
the day-only bands. Forty meters be¬ 
comes the main over-the-pole DX day¬ 
time band, with some hours covered 
by 30 meters. This path may be affect¬ 
ed by anomalous absorption during a 
few days of the month. 

Eighty and one-sixty meters , the 
night only DX bands, exhibit short skip 
propagation during daylight hours, 
then lengthen at dusk. These bands 
follow the darkness path, opening to 
the east just before local sunset, 
swinging more lo the norh-south near 
midnight, and ending up in the Pacific 
areas for a few hours before dawn. 
Remember the DX windows of 3790 
to 3800, 1825 to 1830, and 1850 to 
1855 kHz. 

ham radio 


THE 1988 

ARRL 

HANDBOOK 


TXI AAaATttfA 



NEW 

EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com¬ 
prehensive information for the 
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an rf voltmeter 


*5 


Don’t let its 
apparent simplicity 

fool you 
— this instrument 
has many uses 


Many of us who experiment with circuits need to 
measure the level of signal sources such as oscillators, 
amplifiers and multipliers in transmitters, and local 
oscillator systems in receivers. The voltmeter design 
described in this article came about when I wanted 
to measure the voltage reflection coefficient of an¬ 
tenna systems using a return loss bridge at low levels 
so as not to interfere with other band users. 

The common method of measuring signal levels is 
through the use of a simple diode detector. In its basic 
form, however, it has a number of shortcomings, 
some of which can be easily overcome. 

voltmeter requirements 

This voltmeter covers a range from less than 70 mil¬ 
livolts to greater than 3 volts rms (equivalent to —10 
to 4-23 dBm in a 50-ohm system), covers a frequency 
range from 10 kHz to 150 MHz, and provides readings 
accurate to within ±2 dB without calibration — i.e,, 
as built and tested. Its input impedance is set by the 
input resistor; a value of 50 ohms was used in the 
models shown. Its output is linear; if an analog meter 
is used, no special marking of the meter scale is neces¬ 
sary. An external general-purpose meter can also be 
used. The meter draws less than 15 mA from a pair 
of 9-volt transistor batteries. 
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diode detectors 

The characteristics of an ideal linear voltage detec¬ 
tor are illustrated in fig. 1. This mythical device con¬ 
ducts current in one direction only, with a low and 
constant resistance when forward biased and an in¬ 
finite resistance in the reverse direction. The constant 
forward resistance is maintained right down to 0 volts, 



fig. 1. Ideal detector characteristics. 


By Ian Braithwaite, G4COL, 28 Oxford Avenue, 
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with an abrupt transition to the reverse region. Such 
a device used as a rectifier would deliver a dc output 
proportional to the applied ac. 

Real diodes, however, don't behave this way. Most 
do not conduct appreciably in the forward direction 
until the input voltage across them exceeds a thresh¬ 
old or "knee" voltage, which for an ordinary silicon 
junction diode is around 0.7 volts. The threshold volt¬ 
age for germanium and Schottky diodes is lower — 
0.2 to 0.4 volts. Real diodes also conduct slightly in 
the reverse direction (the so-called reverse leakage 
current). 

The transition between the conducting and noncon¬ 
ducting states is not sharp, but occurs over a region 
where the diode is said to have "square law" behavior 
and the dc output is proportional to the applied power 
(voltage squared), rather than the signal voltage. This 
is used to advantage in low-level diode power meters. 

To see how real detectors behave, I made some 
measurements on a few types using a crystal oscil¬ 
lator signal source at 10 MHz, and a power meter and 
attenuator to give a range of calibrated levels. Figure 


2 shows the first test circuit, a simple peak detector 
using an HP2826 Schottky diode. The right-hand plate 
of the input capacitor is clamped at the diode knee 
voltage below ground on negative input swings. If this 
knee voltage were actually zero, the average voltage 
on the diode would equal the peak of the input volt¬ 
age, but the real diode produces less. The resistor and 
capacitor filter the rf present on the diode, leaving the 
dc component. This can be measured by a high impe¬ 
dance meter which reads the peak of the rf voltage 
minus the diode knee voltage, 

A dc forward bias current can be used to improve 
the sensitivity of the diode detector. If the diode is fed 
from a high resistance with a current of a few /*A, its 
forward junction voltage will sit around the knee volt¬ 
age. This potential no longer has to be supplied by the 
rf, which sweeps the diode's nonlinear characteristic 
and is detected. Direct current bias is used in the more 
sophisticated circuit shown in fig. 3. Two diodes are 
used. Both are biased, but rf is fed to only one of 
them. An op-amp subtracts the diode voltages so that 
the output of the circuit can be set to zero in the 
absence of an rf signal. With the diodes connected 
together, with no rf, the op-amp offset is nulled. The 
500-k pot is then adjusted to give zero output with the 
circuit exactly as drawn. The circuit works best with 
matched pairs of diodes, since these track well with 
temperature. 

The performance of these detectors is described 
graphically in fig. 4. This shows the improvement in 
sensitivity achieved with bias. Also shown is the curve 
for the voltmeter design, which indicates further im¬ 
provement in sensitivity and linearity, gained by using 
just one additional technique. 

The complete rf voltmeter is shown in the block 
diagram in fig. 5. Two detectors are used. One 
receives the incoming rf signal, while the other, a 
"mimic" detector, is fed with a low frequency signal. 
This signal is an internally generated sinusoid, derived 
by chopping the dc output of an integrator to give a 
square wave which is then filtered, leaving the fun¬ 
damental frequency component. 

The integrator input is the difference of the two de¬ 
tector voltages, and its output will change (or "slew") 
when this difference (the feedback loop's error signal) 
is other than zero. The action of the negative feed¬ 
back loop around the mimic detector in fact causes 
the integrator to try to achieve this zero-error condi¬ 
tion, at which point, if the detectors are well matched, 
the low frequency signal will have the same amplitude 
as the rf signal. Because the low frequency signal is 
produced by chopping and filtering the integrator's dc 
output, this latter voltage is proportional to the rf in¬ 
put voltage, and can be scaled and metered to pro¬ 
vide readings in "rf" volts. 

Through the use of well-matched and closely spaced 
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fig. 5. Voltmeter block diagram 
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diodes, their temperature and l-V curve variations are 
minimized. Of course, since the mimic detector mea¬ 
sures only a fixed low frequency signal, no frequency 
response compensation for the input detector is pro¬ 
vided. Therefore, it's best to choose the diode that 
has the flattest possible response. 
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circuit description 

RF enters the instrument via socket SKI. R5 and 
R6 provide a good impedance match to 50-ohm cable. 
Two 0.5-watt metal film resistors (or any other com¬ 
bination providing 50 ohms and a 1-watt rating) should 
be used. Diodes CR1 and CR2 form the detectors: CR1 
is supplied with rf, and CR2 with the internally gener¬ 
ated 25-kHz sine wave. They should be Schottky di¬ 
odes and, if possible, should be reasonably well 
matched in terms of forward voltage at around 10/iA, 
Many types will do, among them the HP2800 and 2826 
and the Thomson BAR28. The forward voltage will be 
in the region of 250 mV, and a pair matched to within 
a few millivolts can often be found from a small batch. 
Circuitry around U4 performs subtraction of the two 
detector outputs with a gain of 10. R14 allows U4's 
offset voltage to be nulled. Because this is a relatively 
high gain stage, the remaining stages do not need to 
be nulled, and can be grouped into a quad package. 
U5B is wired as an integrator, and CR3 and buffer U5C 
prevent the CMOS switch U3 from being driven nega¬ 
tive. The buffer's dc output is chopped by switch U3, 
which is operated by 25-kHz square waves from U2, 
a divide-by-2 flip-flop fed from U1, a 50-kHz oscilla¬ 
tor. U2 could be omitted and U1 run at 25 kHz, but 
U2 does achieve a perfect square wave (1:1 mark-to- 
space ratio) at small cost. U2B provides a 12.5-kHz 
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fig. 6B. Voltmeter integrated circuit pinouts. 


output signal so that a rough check can be made on 
the switching signal with a crystal earpiece at test point 
C. The chopped dc from U3, now a 25-kHz square 
wave with a peak-to-peak amplitude equal to the U5C 
dc output, is filtered by active filter U5A (second order 
bandpass) so that CR2 receives a fairly sinusoidal sig¬ 
nal. LI was included to stop hf oscillations in the out¬ 
put stage of U5A when the connection to the detector 
was completed via several inches of ribbon cable (the 
adjacent wire being grounded). It consists of four turns 
of enameled wire on a single-hole ferrite bead (I used 
an FX1115), and has no measurable effect at 25 kHz. 
R18 and R19, buffered by U5D, attenuate the dc by 
a factor of 0.45 (see appendix for derivation), which 
provides scaling to units of volts rms. An external volt¬ 
meter plugged into SK2 will then read the rf input volt¬ 
age. R21 and R22 with switch S2 allow the use of a 
meter to read 1 and 10 volts full-scale. With 9-volt sup¬ 
plies from batteries, the maximum voltage that can be 
read will be around 3 volts. 

construction 

I have built three instruments according to the de¬ 
sign described in this article (see fig. 7). The outer two 
are battery powered (internally); the "economy model" 
in the center uses an external power supply and meter. 
Details of the unit on the left are shown in figs. 8A, 
8B, and 8C. Construction is straightforward and can 
be done with ordinary hand tools. The only critical area 
is the detector, which carries rf. The other areas in¬ 
volve only low frequency circuitry. As shown in fig. 
8C, I built the input circuitry, consisting of the two 
detector diodes and U4, on a small piece of double¬ 
sided, copper-clad glass-fiber board, using a coun¬ 
terbore tool to provide pads for the components. 
Frankly, this method of construction — with the com¬ 
ponents mounted rats-nest style above a copper 
ground plane, will work at least as well and probably 
better than a pc board, and is certainly much faster. 
Those willing to make a pc board for the voltmeter are 
welcome to do so — I'm afraid I'm too lazy! 

The rest of the circuit is wired on a perforated bread¬ 
board with copper strips on the underside (known in 
the UK as "Veroboard"). As the photo of the detec¬ 
tor board shows, the signal connection from the front 
panel socket was made using RG-178 coaxial cable. 
The only place it's important to keep leads as short 
as possible is in the detector area. Try to mount the 
two diodes close to each other for good thermal 
tracking. 

alignment and testing 

Check the 50-kHz oscillator and divider by placing 
a crystal earpiece or high impedance audio amplifier 
between test point C and ground. The frequency can 
now be adjusted to coincide with the bandpass filter. 
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fig. 7. Three different packaging approaches for the same 
voltmeter. 


Turn R9 or R14 so that U4 output is slightly negative, 
which will cause the integrator U5B to slew to the posi¬ 
tive limit. This should result in a healthy square wave 
output from U3 (pins 1 and 2). A high impedance 
meter should read a voltage tdc) here that is half that 
at the U5C output. If the meter is transferred to the 
anode of CR2, it should be possible to peak this volt¬ 
age by adjusting the oscillator frequency control R4. 

The detector circuit can now be set up with no in¬ 
put. Ground test point A to stop the 60 kHz oscilla¬ 
tor. Connect CR1 and CR2 so that the subtractor sees 
the same voltage at both its inputs. Set test point B 
to zero volts with R14. Remove the connection be¬ 
tween the diodes, and again zero-test point 8, this 
time with R9. 

if rf is now applied, U5C should go positive, and the 
voltage at the output socket SK2 should be 0.45 of 
this. The meter is now ready to use. 

performance 

The absolute accuracy and linearity of this meter is 
illustrated in fig. 4, which was constructed from meas¬ 
urements made at 10 MHz. The flatness with frequen¬ 
cy was measured at 1 mW, 224 mV rms (0 dBm), and 
the results are shown in fig. 9, which represents a re¬ 
spectable performance of within ± 3 percent up to 150 
MHz. This could no doubt be improved to extend the 
useful range to 70 cm and beyond. 

To verify the repeatability of these measurements, 

I tested the three units against each other using the 

same source, a 10 MHz crystal oscillator. Referring to 

the units by position in the photo, the results were: 

Unit Reading on external voltmeter 

Left 268 mV 

Center 244 mV 

Right 258 mV 

Obviously, three is only a small sample, but consider¬ 
ing that the voltmeters had received only the simple 
dc setup procedure described earlier, I was quite 
pleased with the outcome, and I hope that this sort 
of performance will be adequate for your applications. 


further suggestions 

I hope that readers who build this voltmeter will find 
it a handy instrument to have around the shack. Those 
who like to experiment and develop their own hard¬ 
ware might enjoy exploring the following options: 




B 



fig. 8. Internal views of the rf voltmeter: IA) internal power 
provided by two S volt batteries: IB) "clean" construction en¬ 
hanced by use of Veroboard; tCI "rf” section of voltmeter. 
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• The design can be simplified by omitting the divider 
U2. The oscillator could then be run at 25 kHz, or 
the filter redesigned for 50 kHz. (The choice of fre¬ 
quency was somewhat arbitrary, being high enough 
to use small coupling capacitor C3 and low enough 
for active filtering, U2 does guarantee an excellent 
square wave, but the oscillator alone may well be , 
adequate.) 

• The detectors can be built into a high-impedance 
probe for circuit tracing, rather than a 50~ohm instru¬ 
ment. Keep CR1 and CR2 physically and electrically 
close together, though. 

• By paying attention to the detector matching and 
circuit offsets, particularly around U4, the useful range 
could be extended downwards. With attenuators, the 
range could be extended upwards. 

• Careful selection of devices and construction could 
greatly extend the frequency range. 

• The filtering of the square waves could be improved. 
The units I have built tend to read slightly high, and 
this could be because the active filter output is not a 
pure sinusoid, giving a slightly wrong scaling factor. 
Why didn't I just feed CR2 with a raw square wave? 
Well, when I tested a diode detector using an accurate 
function generator, the peak readings were different 
between sine and square waves — i.e. the diode ap¬ 
peared tp clamp at slightly different voltages, depend¬ 
ing on the waveform. I wish I knew why; in any case, 
the results might be worth repeating. If CR2 gave the 
same response to square waves, the active filter could 
be omitted. U5C output would then be the peak in¬ 
put voltage, and scaling by 0.707 would give readings 
in volts rms. 



appendix 

how readings are scaled to volts rms 
The voltmeter works by making an internally generated sine wave 
derived from filtering a square wave equal to the rf input. The square 
wave, then, is generated by chopping a dc voltage. As illustrated 
in fig. A1, Fourier theory tells us that the fundamental {sinusoidal) 
component of a square wave has a larger peak amplitude than the 
square wave itself (don't worry, there is less power in this sine wave). 
If we call the peak amplitude of the sine wave \Z Xfne and the peak- 
to-peak amplitude of the square wave V, then; 


V =i 2 V 

.VIW *■ ' 
7T 


But in the voltmeter circuit, the peak-to-peak square wave ampli¬ 
tude is equal to the integrator's dc output voltage V rtc that is: 
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We want to make the voltmeter read rms volts. If the applied rf has 
an rms voltage Vj n , then the feedback loop makes: 

K„„, = ^ i 

So, the quantity we want to measure, V in is given by: 
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This is why the dc produced by the integrator is scaled by 0.45. 
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low-noise receiver 

update: 

part 1 

"You can't work 'em if you can't 
hear 'em" is an old adage that's still 
very true. Building bigger and better 
antennas helps, but sooner or later the 
antenna size limitation places the bur¬ 
den on the receiver. 

Only a decade ago, most Amateurs 
were using bipolar transistor preampli¬ 
fiers on the front ends of their VH F and 
lower UHF band receivers. On the 
upper UHF and lower SHF bands, 
diode mixers without preamplifiers 
were common — with typical noise 
figures of 6 to 10 dB! That's all 
changed now, first with the arrival of 
low-noise silicon bipolar transistors 
capable of operation into the GHz 
region, and then with the introduction 
of GaAs (Gallium Arsenide) FETs in the 
late 1970s. 1 

Since reference 1 was written, there 
have been many new and startling 
developments in the area of low-noise 
devices and techniques. Noise figures 
are still dropping; device prices have 
stabilized. So this seems like an appro¬ 
priate time to update the earlier mater¬ 
ial and to present state-of-the-art 
(SOA) information. 

This month's column will serve as a 
quick review and update of the present 


SOA in low-noise receiver technology. 
Next month's column will be devoted 
more to low-noise circuit techniques, 
recommended devices, testing, and 
optimization. With all this information 
in place, you should be right on the 
cutting edge of low-noise receiver 
technology. 

a quick review 

The SOA in VHF/UHF and micro- 
wave low noise figure Amateur re¬ 
ceivers and preamplifiers is now 
dominated by GaAsFETs, which are 
technically classified as Metal Semi¬ 
conductor FETs (MESFETs). The term 
MESFET is used in the professional 
community because the gates of a 
GaAsFET are formed using aluminum, 
which is a metal that is in direct con¬ 
tact with the semiconductor material. 
Thus a Schottky barrier diode is 
formed in the N-type material as 
shown in fig. 1A. 

When the lowest noise figure is re¬ 
quired above about 100 MHz, GaAs¬ 
FETs are favored over silicon bipolar 
transistors because they have up to 
five times faster electron mobility. 
Hence, GaAsFETs have much higher 
cutoff frequencies and gain than sil¬ 
icon bipolar transistors. Furthermore, 
they typically have much lower noise 
figures. 

Reference 1, an introduction to low- 
noise GaAsFET technology, gave de¬ 


tails on preamplifier designs for 144, 
220, and 432 MHz, with suggestions 
for higher-frequency operation. When 
this material was published in 1984, 
the GaAsFET was king, but that's no 
longer true; lower-noise devices and 
new breakthroughs in technology now 
threaten to decrease noise figures so 
far that they will no longer be the 
primary limitation to communication 
capability. Stay tuned. 

In addition, during the last few years 
there's also been a proliferation of 
"mast-mounted" low-noise preampli¬ 
fiers using GaAsFETs. These preamps 
almost completely eliminate the losses 
associated with feed lines, and virtu¬ 
ally eliminate the mismatch loss asso¬ 
ciated with feed line losses. 2 This is a 
major problem with low-noise preamp¬ 
lifiers because they often have high in¬ 
put VSWR. 

latest developments in 
devices 

GaAsFETs were originally used in 
commercial and government low-noise 
amplifiers operating above 2 GHz. 
Amateurs were in the forefront of 
developing low-cost GaAsFET pre¬ 
amplifiers to frequencies as low as 30 
MHz, but these devices were practical 
mainly on 2 meters and above, where 
ambient and sky noise are low. 3 

GaAsFETs are now being used com¬ 
mercially through 40 GHz and possibly 
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ed by Fujitsu and Thompson-CSF in 
1979. 456 It is very similar in structure 
to the GaAsFET except for the two- 
dimensional electron gas as shown in 

fig. IB. 

The HEMT's major feature is, typi¬ 
cally, its higher transconductance with 
a cutoff frequency twice that of a com¬ 
parable GaAsFET, with higher gain 
and noise figures as low as half those 
of typical GaAsFETs! Cutoff frequen¬ 
cies well above 100 GHz have been 
reported. HEMTs with less than 1.0-dB 
noise figures are now available through 
X band (12 GHz). The SOA in HEMT 
noise figures is shown in fig. 2 . 

Right now, however, most HEMTs 
are laboratory devices, and the lowest 
noise devices are very scarce. Only a 
few HEMT types are available com¬ 
mercially, and these devices are expen¬ 
sive — typically more than $150 each! 
However, remember that GaAsFETs 
were in the same price range in the 
mid-1970s, and better devices are now 


available for less than $5! HEMTs are 
known to be manufactured by Fujitsu, 
GE, Gould-Drexel, NEC, Sony, Thomp¬ 
son-CSF, Toshiba, TRW, and Varian 
Associates. Other suppliers and even 
lower noise figures are promised! 

Unlike other innovations in technol¬ 
ogy, the HEMT is compatible with 
existing GaAsFET dc biasing and rf 
characteristics. HEMTs usually use the 
same packages and can be virtual 
"drop-ins" for GaAsFET circuits. The 
primary difference is that the HEMT's 
optimum source impedance is generally 
higher than an equivalent GaAsFET's. 
Therefore, an adjustable input¬ 
matching circuit similar to the one 
described in reference 1 is recom¬ 
mended so that the optimum source 
impedance can be achieved. 

One major MESFET anomaly should 
be stressed. As pointed out in refer¬ 
ence 1, GaAsFETs (as well as HEMTs) 
have a very high noise figure in the so- 
called I/for low-frequency region. This 


fig. 1. Typical physical structures (not 
shown to scale) of GaAsFETs and 
HEMTs: (A) depletion mode GaAs FET; 
(B) depletion mode HEMT. 


higher. New lower noise figure, higher 
gain, and cutoff frequency devices 
seem to be appearing almost month¬ 
ly. Needless to say, if you want to be 
on the cutting edge of technology, you 
might as well use any premium-quality 
devices you have in your desk drawer 
as soon as possible — before they be¬ 
come obsolete! GaAsFETs with noise 
figures less than 1.0 dB are now avail¬ 
able through 4.0 GHz! SOA GaAsFET 
noise figures versus frequency are 
shown in fig. 2. 

Probably the most important recent 
improvement in the SOA in low-noise 
devices is the development of the 
HEMT (high-electron-mobility transis¬ 
tor ). 45 Sometimes referred to as TEG- 
FETs (two-dimensional electron 
GasFETs ) 6 or heterojunction FETs 
(to avoid infringing the copyright on 
the name HEMT in Japan). Techni¬ 
cally speaking, the HEMT is a heter¬ 
ojunction superlattice device that was 
first described in 1978 and demonstrat- 
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means that the noise figure increases 
not only as you increase frequency, 
but also as frequency is decreased! 
Th is effect is shown in fig. 2. 

The amount of noise figure increase 
and the frequency where it begins to 
increase (below the normal operating 
frequency) depends on the device 
type. Generally speaking, the ideal rf 
operating region for GaAsFETs and 
HEMTs is over a one decade-wide fre¬ 
quency range referenced down from 
the specified operating frequency (not 
the F max ). 

For example, a device specified for 
1-GHz operation at the top of its oper¬ 
ational frequency range will probably 
be well suited for operation down to 
about 100 MHz. However, a device 
specified for 10 GHz will probably have 
a higher noise figure if it's used much 
lower than about 1 GHz) 

Therefore, don't expect that a very 
low-noise GaAsFET specified for 10 
GHz will be a super low-noise device 
at 144 MHz. A low-noise 10-GHz HEMT 
may well have a higher noise figure at 
432 MHz than a much less expensive 
device specified for operation through 
4 GHz. This is why so many Amateurs 
have been able to demonstrate incred¬ 
ibly low noise figures on 2 meters using 
GaAsFETs costing no more then $5 
to $10! 

Also, the higher the cutoff frequency 
of a GaAsFET or HEMT, the narrower 
the gate; hence, the susceptibility to 
static burnout increases. Furthermore, 
higher frequency devices are more 
prone to oscillate when operated at 
lower frequencies. So don't "read into 
the specifications" anything that isn't 
there. For optimum performance ver¬ 
sus cost, operate MESFETs in the fre¬ 
quency range recommended by the 
supplier. 

noise figure limitations 

I'm often asked the question, "What 
limits noise figure?" It should be intui¬ 
tive that part of the limitation on noise 
figure is in the actual device itself. 
Furthermore, for the lowest possible 
noise figure in a receiver, the gain of 
the first stage must be high and the 
second stage should also have a low 


noise figure. This is shown mathemat¬ 
ically by the following equation. 7 

F = Fj + (l 2 - l/0 } ) + (1) 

(h i — I) / (G} * G 2 ) + • • • 

where F is the overall noise factor of 
the receiver, Fi is the noise factor of 
the first stage, F2 is the noise factor of 
the second stage, F3 is the noise 
factor of the third stage, Gi is the 
numeric gain of the first preamplifier 
and G2 is the numeric gain of the 
second preamplifier. Note that noise 
factor and gains are in numerics, not 
decibels, so they often have to first be 
converted from decibels to numeric 
values before using them in eqn. 1. 
After the final noise factor is deter¬ 
mined, you'll probably want to convert 
noise factor back to noise figure using 
the following equation. 

NF = 10 log F (2) 

For example, refer to fig. 3, a block 
diagram of a typical Amateur front 
end. In example 1, if the noise figure 
of the first stage of a receiver is 0.5 dB 
(noise factor = 1.122), with a gain of 
13 dB (gain - 20) and the second 
stage noise figure is 4.0 dB (noise fac¬ 
tor = 2.51), with a gain of 15dB (gain 
- 31.6) — ignoring the third stage 
contribution and assuming it to be 
negligible) — the overall receiver noise 
figure will be 0.78 dB (noise factor - 
1.197), a significant 0.28-dB increase 
over the first stage alone. 

Now if we reduce the noise figure 
of the second stage to 1.75 dB (noise 
factor = 1.496) [example 21 or in¬ 
crease the gain of the first preamplifi¬ 
er to 8 dB (gain = 63) [example 31, the 
overall noise figure will be 0.59 dB 
(noise factor = 1.46), only 0.09 dB 
above the preamplifier alone, a small 
penalty to pay. 

These calculations are often laborious 
and prone to error. For this reason, it's 
best to program eqn. 1 and eqn. 2 into 
a computer or scientific calculator to 
simplify the calculations and decrease 
the possibility of human error. 8 

Finally, don't get carried away with 
gain. Increasing the first stage gain too 
much may lead to intermodulation dis¬ 
tortion or instability, thus limiting the 



ability to use the inherent low noise 
figure. 910 Therefore, with the low 
cost of devices today, it's preferable to 
design for a reasonable first stage gain 
(15 to 20 dB) and use a similar type 
second stage with a moderate noise 
figure (1.0 to 2.0 dB typical). This pro¬ 
vides an inexpensive and useful 
cost/performance tradeoff. 

other noise figure 
limitations 

Another noise figure limitation is 
incurred by operating a preamplifier 
at room temperature (more on this 
shortly). However, the major limita¬ 
tions on Amateur receivers attaining 
very low noise figures commensurate 
with device specifications are losses 
associated with the input impedance¬ 
matching circuitry. 

Amateur preamplifiers are usually 
designed for a single frequency band. 
Typically the circuits employ some 
form of input tuning. This is a 
preferred technique since the input 
network will not only allow the device 
to be optimized for the lowest possible 
noise figure at the frequency of in¬ 
terest, but will also act like a filter and 
prevent strong out-of-band signals 
from entering or causing IMD. 

Most Amateur preamplifier input cir¬ 
cuits, especially below 500 MHz, use 
an inductor and capacitor tank circuit 
similar to those shown in figs. 4A and 
4B. Figure 4A has one less compo¬ 
nent, but it also requires the tap to be 



November 1987 


79 







carefully chosen. This can be very 
tedious and time-consuming, especially 
if you want to achieve minimum noise 
figure. Therefore, the input impedance¬ 
matching circuit shown in fig. 4B 
is recommended for 500 MHz and 
below. 1 

Sometimes I see Amateurs and 
commercial designers alike using an 
abbreviated type of input matching 
similar to that shown in fig. 4B, but 
with the shunt capacitor, C2, removed. 
This is not recommended because if 
the lowest possible noise figure is 
wanted, the inductor also has to be 


tuned, and that can be a tricky job. 
(And what do you do for tuning if the 
GaAsFET has to be replaced?) 

By now you've probably surmised 
that the minimum noise figure isn't 
only a function of tank circuit align¬ 
ment, but more likely due to losses in 
the components themselves. All capa¬ 
citors and inductors have loss, espe¬ 
cially as you go above 100 MHz. The 
higher the Q of the components in the 
input-matching network, the lower the 
insertion loss and hence the lower the 
noise figure. 

Probably the "lossiest" component 
in a low-noise preamplifier is the induc¬ 
tor. A typical inductor in the 100- to 
500-MHz range has an unloaded G 
(no external components attached) of 
300 to 500, depending on wire type, 
diameter, form factor, and proximity 
of other components and shielding 
structure. 11 

As explained in reference 11, there's 
a definite insertion loss relationship 
between the unloaded Gy of an induc¬ 
tor and the loaded or "in-circuit" (\ 
of the same as follows: 

insertion loss (dB) = 10 log, (3) 

[1 ~ (Ql'Qu)P 

where Ql and Gy are the loaded and 
unloaded Gs, respectively. 

How do you determine the loaded 
G of the inductor? If the preamplifier 
is one of the types that uses a broad¬ 
band output network as described in 
reference 1, the half-power or 3-dB 
bandwidth of the preamplifier can be 
easily measured. The G of the preamp¬ 
lifier (and therefore the loaded G of the 
inductor) is then determined as 
follows: 

Q preamp = f a /(fn - ft) (4) 

where fp is the center frequency in 
MHz, fy is the upper half-power fre¬ 
quency and 4 is the lower half-power 
frequency. For example, if we have a 
432-MHz preamplifier with half-power 
frequencies of 440 and 423 MH 2 re¬ 
spectively, the loaded G will be 
432/(440 -423) or 25.4. 

Now, if we assume that all other 
components contribute negligible loss, 
we can determine the approximate in¬ 


put circuit losses attributable to the in¬ 
ductor's G. Using eqn. 3 and 
assuming a good inductor with an un¬ 
loaded Q of 500 and a preamplifier with 
a loaded Q of 25.4, we have an input 
circuit insertion loss of approximately 
0.45 dB. 

Typical GaAsFET preamplifiers using 
input tank circuits of this type have 
noise figures of 0.5 to 0.75 dB. There¬ 
fore, with a 0.45-dB input loss, the 
overall noise figure of the preamplifier 
is almost entirely due to the losses in 
the input network and the GaAsFET it¬ 
self must be virtually noiseless! 

To show the Q(j/Qj_ losses more 
graphically, I've prepared the graph in 
fig. 5 and scaled it for low loss and 
hence low noise figure conditions. 
(Check fig. 5 for the 432-MHz pre¬ 
amplifier case above.) For a Gy/Q|_ 
ratio of 500/25.4, or approximately 20, 
you'll see that the insertion loss is in¬ 
deed 0.45 dB. 

Also note in fig. 5 that to get the 
input losses down below 0.1 dB, the 
unloaded-to-loaded G ratio must be 
equal to or greater than 90. This means 
that the unloaded G of the inductor in 
the preamplifier just described would 
have to be over 2000! If you want a 
very low-noise preamplifier, you're 
going to have to use some pretty low- 
loss inductors — such as a large (1- to 
3 -inch diameter) coaxial cavity reson¬ 
ator — and possibly have them silver 
plated. 

Figure 4C is a different input circuit 
topology which eliminates the tank cir¬ 
cuit per se by using a series input in¬ 
ductor and "lossless feedback" in the 
source lead. 1 This type of circuit def¬ 
initely has lower input losses and 
potentially a better input VSWR. How¬ 
ever, it's more prone to out-of-band 
interference and therefore is more 
appropriate for use on the microwave 
bands. It will be discussed further in 
next month's column. 

other component losses 

Don't forget that there can be other 
losses besides the input inductor. 
Tuning capacitors can also have loss¬ 
es. Only the lowest loss, highest Q 
tuning capacitors should be used in the 
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input-matching network. The air-vari¬ 
able type capacitors manufactured by 
Johanson and others are a preferred 
type. They not only have low loss and 
high G, but also good tuning resolu¬ 
tion with little or no backlash. Further¬ 
more, they often have special sealing 
caps that can be placed over the tuning 
mechanism to help keep out moisture 
and prevent inadvertent mistuning. 

The minimum G of a Johanson-type 
5200 air variable, one commonly used 
by Amateurs, is 5000 at maximum cap¬ 
acitance at 100 MHz. This figure de¬ 
creases rapidly to less than 1000 above 
300 MHz! Higher G types such as the 
Johanson 5700 and 5800 are recom¬ 
mended, but they have lower maxi¬ 
mum capacitance so they're useful 
only for higher frequencies and for 
series connections where lower 
capacitance values are required. 


Chip capacitor losses can also be 
considerable, especially when used in 
source bypassing or in the rf path. In 
critical low-loss circuits, the porcelain 
types are highly recommended despite 
their higher initial cost. Be careful, 
too, of resistor types. The older 1/8- 
or 1 /4-watt carbon composition types 
are recommended. However, the non¬ 
carbon or film types that are becom¬ 
ing so popular are usually quite reac¬ 
tive and lossy, and are therefore not 
recommended. 

Finally, coaxial connectors — espe 
dally type N, TNC, and SMA — are 
highly recommended for low-noise pre¬ 
amplifiers because they have low loss 
and a very positive mating mechanism. 
On the other hand, BNC- and UHF- 
type connectors should be avoided be¬ 
cause their impedance isn't constant, 
and they have questionable mating 
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28V) 
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Rating 

Net Ea 

Match Pr 

MRF421 

O 

100W 

$24.00 

$53 00 

MRF422 * 


150W 

38.00 

82.00 

MRF433 


12 5W 

11 00 

26 00 

MRF449. A 

Q 

30W 

12 50 

30.00 

MRF450. A 

Q 

50W 

14.00 

31.00 

MRF453, A 

Q 

60W 

15.00 

35.00 

MRF454, A 

Q 

80W 

15.00 

34.00 

MRF455, A 

Q 

60W 

12 00 

28.00 

MRF485* 


t5W 

6.00 

16.00 

MRF492 

Q 

90W 

16.75 

37 50 

MRF492A 

Q 

90W 

19.75 

43.50 

SRF2072 

Q 

65W 

13.50 

31.00 

SRF3662 

Q 

110W 

25 00 

54.00 

SRF3775 

Q 

75W 

13 50 

31.00 

SRF3795 

Q 

90 W 

16.00 

37.00 

3800 

Q 

100W 

18.75 

41.00 

2SC2290 

Q 

80W 

19.75 

45.50 

2SC2879 

Q 

100W 

25 00 

54.00 
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MRF237 

4W 

136-174 

2 70 

— 

MRF240 

A 40W 

136 174 

15 00 

35 00 

MRF245 

80W 

136-174 

30 00 

68.00 

MRF247 

75W 

136-174 

27.00 

63.00 

MRF240 

SOW 

136-174 

33 00 

71.00 

MRF641 

15W 

407-512 

20 00 

46.00 

MRF644 

25W 

407-512 

24 00 

54.00 

MRF646 

40W 

407-512 

26 50 

59 00 

MRF648 

60W 

407-512 

31 00 

69.00 

2N6080 

4W 

136-174 

6 25 


2N6081 

15W 

136-174 

8 00 

— 

2N6082 

25W 

136-174 

9 50 

— 

2N6083 

30W 

136-174 

9.75 

24.00 

2N6084 

40W 

136-174 

13 00 

31.00 
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MRF134 

MRF136 

MRF137 

MRF138 

MRF140 

MRF146 

MRF150 

MRF171 

MRF172 

MRF174 

MRF208 

MRF212 

MRF221 

MRF224 

MRF226 

MRF238 

MRF239 

MRF260 

MRF261 

MRF262 

MRF264 

MRF309 

MRF317 

MRF406 

MRF458 

MRF475 

MRF476 

MRF477 

MRF479 

MRF492A 

40582 

NE41137 


We stock RF Power transistors for Atlas, KLM, Collins 
Yaesu. Kenwood. Cubic. Mirage. Motorola, Regency. 

Heathkit, Drake. TWC. Wilson. GE. etc. 
Cross-reference on CD PT, SO. SRF, JO, and 2SC P Ns 

Orders received by 1 PM are shipped UPS same day. 
Minimum order twenty dollars. COD VISA MC 
Foieign Orders Accepted 

Call: (619) 744-0728 

FAX: (619) 744-1943 


$16 00 

MRF497 

$14.25 

21.00 

MRF515 

2 50 

24.00 

MRF607 

2.50 

3500 

MRF630 

4 25 

87.50 

MRF754 

15 00 

34 00 

MRF843.F 

22 50 

87 50 

MRF846 

43 50 

34 50 

MRF873 

24 50 

62.00 

MRF1946.A 

15 00 

80 00 

CD2545 

16 00 

11 SO 

2N1522 

11 95 

16 00 

2N3553 

7.25 

11.00 

2N3771 

3 50 

13 50 

2N3866 

1 25 

14 50 

2N4048 

11 95 

1300 

2N4427 

1.25 

15 00 

2N5589 

7.25 

7 00 

2N5590 

10 00 

8 OO 

ZN5591 

13 50 

900 

2N5641 

9.50 

13.00 

2N5642 

13.75 

29 75 

2N5643 

15 00 

5600 

2N5646 

13 00 

12 00 

2N5945 

10.00 

20 00 

2N5946 

13 00 

3 00 

2N6255 

2.50 

2 75 

OUTPUT MODULES 

12 00 

SAU4 

55.00 

1000 

SAV6 

48.00 

19 00 

SAV7 

48.00 

7 50 

M57712. M577337 use 

2 50 

M57737. SC 1019 

SAV7 
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tolerances and known insertion losses. 
Connector types and losses are dis¬ 
cussed further in references 12 and 13. 

lower noise techniques 

Cooling is probably the last resort 
when it comes to really low-noise pre¬ 
amplifiers. Bipolar transistors generally 
don't work well below about 70 to 
80 degrees Kelvin. However, many 
GaAsFETs and HEMTs seem to do 
quite well when cooled even as low as 
12 degrees Kelvin, the temperature of 
liquified Helium. 

The National Radio Astronomy 
Observatory (NRAO), in Charlottes¬ 
ville, Virginia, has been building low- 
noise preamplifiers for many years. 
Their preamplifiers are used in radio 
telescopes where the sky temperature 
is as low as 3.5 degrees Kelvin, almost 
absolute zero. By 1980 they were using 
GaAsFET preamplifiers cooled to 
about 13 degrees Kelvin in a Dewar 
with liquified Helium. 14 

At first NRAO used GaAsFETs be¬ 
cause they noticed that the transcon¬ 
ductance would often increase — 
sometimes by as much as 50 percent 
— as temperature was decreased. At 
the same time, the noise figure would 
drop. However, the optimum source 
impedance changes at low tempera¬ 
tures and oscillations may occur. Con¬ 
sequently the preamplifier has to be 
optimized at the cold temperature. 
Recently, NRAO noticed the same 
effects with HEMTs. 

Because the cryogenic coolers used 
by NRAO cost about $5000 each, 
they're not really practical for Ama¬ 
teurs. Other less expensive coolers 
such as the thermo-electric type are 
available commercially. 15 However, 
they use diodes that may generate 
noise, so be cautious If you use them. 
It should be sufficient to mention that 
if you have an antenna-mounted pre¬ 
amplifier, especially for EME, you 
should mount it so that it won't be 
heated excessively by the sun. 

Finally, of the GaAsFETs tested by 
NRAO, the MGF 1412 seems to have 
consistently low noise figure at room 
temperature. Futhermore, at cryogenic 
temperatures, the MGF 1412 type 


seems to be one of the most reliable 
for low noise figures. Since this is one 
of the most popular types used by 
Amateurs seeking the lowest possible 
noise figures, it may be a place to start. 

summary 

In this month's column, I've at¬ 
tempted to bring you up to date on the 
SOA in low-noise receivers for VHF 
and above. Noise figures are still drop¬ 
ping, but at some frequencies can't go 
lower unless we change the circuit tech¬ 
niques we're presently using. In next 
month's column, we'll discuss some 
circuit and device recommendations. 
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new records 

In last month's column we men¬ 
tioned the outstanding sporadic E 
occurrence during the ARRL June 
VHF QSO party and asked for any new 
record claims. Shortly after the contest 
was over, I received and authenticated 
a new North American 2-meter, double¬ 
hop sporadic E record. The new record 
holders are Jim Poore, KD4WF, in 
Savannah, Georgia (EN92LK) and Jim 
Frye, NW70/7, operating portable 
from Mount Potosi, southern Nevada 
(DM25GV). Their contact took place 
on June 14, 1987, at 1704 UTC and ex¬ 
tended the existing record by almost 
90 miles for a new record of 1980 miles 
(3186 km). Congratulations to both 
Jims. 

The North American 10-GHz DX 
record has also been broken; more on 
that in next month's column. 

important VHF/UHF events 

November 3 Predicted peak of 

the Taurids 
meteor shower at 
2200 UTC 

November 3 Predicted peak of 

the Cassiopids 
meteor shower at 
2200 UTC 


November 14-15 ARRL EME Con¬ 
test (second 
weekend) 

November 17 Predicted peak of 

the Leonids 
meteor shower at 
1500 UTC 

November 21 New moon 

November 24 EME perigee 

December 13 Predicted peak 

of the Geminids 
meteor shower at 
1900 UTC 

December 20 New moon 

December 21 ± month. Winter 

peak of sporadic E 
propagation 

December 22 Predicted peak of 

the Ursids 
meteor shower at 
2200 UTC 

December 22 EME perigee 
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AEA weather FAX mod for 
the PK-232 

Over the past few years, packet radio has 
grown from a rather esoteric part of Amateur 
Radio to one of the fastest growing segments 
ever. There must be at least ten manufacturers 
of TNCs, all selling basically the same product. 

One way of selecting a TNC is to look closely 
at the features each unit offers. Do you want to 
go beyond packet? How about RTTY, AMTOR, 
ASCII, CW and weather FAX (WEFAX)? How 
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about SIAM, Signal Identification and Acquisi¬ 
tion Mode? If you want a// these features in a 
single unit, your only choice is the AEA PK-232. 

All currently manufactured PK-232s have the 
FAX and SIAM option installed. The unit we 
reviewed earlier {see page 81 of the July, 1987 
issue) was one of the first units off the line and 
needed to be modified to work on WEFAX and 
SIAM. 

When I learned of AEA's modification for 
WEFAX. I immediately called and placed an 
order for the kit. Because demand was enor¬ 
mous, it took a few weeks for my kit to arrive. 

Besides the parts and instructions needed to 
perform the mod, AEA also supplied an adden¬ 
dum for the operator’s manual and a pre-made 
computer-to-TNC to printer cable. The cable 
alone is more than worth the $40 price of the 
modification kit. 

AEA is currently supporting most parade! 
graphics, and your dealer will have a complete 
list of printers that AEA has tested with the 
PK-232. 

Four simple steps were all that were required 
to make the modification: remove the unit from 
use, disconnecting all cables; prepare a dean, 
static-free work area; remove six screws and 
open the unit; remove and replace EPROM U2 
and install EPROM U3, then screw the cover 
back on. That's all there is to it. You're ready 
to reconnect and get back on line. 

Sometimes it’s hard to believe that the EPROM 
is as powerful as it is. Without EPROMS, the 
unit can’t operate. Yet they can be installed in 
less than a heartbeat. 

operation 

I'll break this section into two parts: WEFAX and 
SIAM. 

WEFAX. While WEFAX is basically a service for 
ships and aircraft, it offers a wealth of informa¬ 
tion for amateur meteorologists too. Stations 
transmit weather maps that show actual condi¬ 
tions and prognostications, satellite photographs 
of the earth’s surface, taken from geosyn¬ 
chronous and orbiting satellites, and plenty of 
additional information. Of particular interest to 
me has been the hurricane maps that are sent 
during the hurricane season here on the East 
Coast. 

Transmitting stations are located around the 
world, with each transmitting information for its 
own geographical area. Here in the Northeast, 
Halifax, Canada and Norfolk, Virginia provide the 
most reliable reception and information. I haven't 
had much luck with European or West Coast 
stations, but this is more a problem of time on 
the air and propagation. 

The PK-232 represents the third generation of 
WEFAX equipment I've operated. Of the three 
units I've used, it's by far the easiest to set up 
and the most convenient to use. No special 
paper is required. There are no noxious fumes, 
the unit is easy to transport and install — it's 
really a pleasure! 

From the time the modifications were finished, 
the cables installed, the computer hooked up and 
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booted, to the reception of the first pictures, a 
grand total of 75 minutes passed. 

Because you're using a dot matrix printer, you 
can't resolve shades of gray and therefore can't 
reproduce satellite images with pure photograph¬ 
ic quality. The images, however, are very good 
and quite usable. Since maps and charts are 
black on white, their reproduction quality is 
excellent. 

All you need to do is tune to a station trans¬ 
mitting FAX (with digital readout radios, tuning 
the PK 232 is no more complicated than sub¬ 
tracting 1.7 kHz from the transmitting station's 
published frequency). That's a heck of alot easier 
than it was with the old Hammerlund HQ-110's 
"coarse" and "fine" tuning controls. Then just 
configure the PK 232 to FAX mode, turn on the 
printer, and Bingo! Out come the maps and 
charts you've been waiting for. 

You can also transmit FAX pictures. Frankly, 
because transmitting FAX requires a special pro¬ 
gram, I didn't try this option, so I can't comment 
on the PK 232'$ capabilities in this area. AEA is 
currently developing an MS-DOS program for 
FAX transmission. Details are too sketchy to re¬ 
port. However, early versions include FAX dis 
play on screen, transmission capabilities, and a 
number of other features. Availability is sched 
uled for late fall or early winter. 

SIAM. One of the first things you notice when 
you tune across the hf bands is the variety of 
different digital signals. Even if you were an 
expert and could toll by sound alone, it would 
take time to configure the PK-232 to receive 
these signals. With SIAM, the PK-232 analyzes 
the signal and identifies the type of transmission 
and its speed. The operator can then decide 
whether to receive the station or continue on 
with a band search. 

SIAM will decode a number of different digi¬ 
tal codes: ASCII, ARQ, and FEC AMTOR and 
Baudot. It will also decode the Russian Cyrillic 
and Japanese Katakana codes. 

To use SIAM, all you do is type in the com¬ 
mand OPMODE SIGNAL, confirm that the re 
ceive (DCD) LED is lit, and wait approximately 
10 seconds. The PK-232 will respond with a baud 
rate indication and a confidence of mode fac¬ 
tor. In another 15 seconds, the PK 232 will iden 
tify the signal. To copy the signal, all you do is 
type in the command OK, If the SIAM analysis 
is correct, you’ll start seeing text. If not, the 
PK 232 will give you a ?bad prompt. 

II the text is decoding but seems to be en¬ 
crypted, you can try setting BITINV to 0 
through 31, if only simple bit-inversion encryp¬ 
tion is being used. If none of these 32 settings 
will decode the station, chances are another 
more sophisticated encryption system is being 
used. 


conclusion 

Typically, AEA has included a well written 
owner's manual that describes the operation of 
both WEFAX and SIAM modes fully, In case of 
difficulty, AEA has listed a number of common 
faults and the appropriate fixes. They also offer 
excellent advice by telephone if the manual and 
a little bit of work fail to solve the problem. 

If you have a PK-232 and haven't yet mod ¬ 
ified it, you're missing out on a treat. I wouldn't 
just walk — I’d run to place the order I 

AEA, 2006 196th Street SW, Lynnwood, WA 
98036. 

Circle 1302 on Reader Service Card. 

N1ACH 



products 



Program For Your 
MS-DOS® Compatible Computer 

★ Complete Cursor Control 

★ Room to store complete 
address information 

★ A Real-Time Log 

★ Total QSL's by State 

★ 900 QSO's on floppy, hard 
disk limited by space available 

3$9" 

Introductory Offer 

® 34 95 * 

)hio resident must add 
5% sales tax. 

Make Cheeks Payable To: 

MORLAN SOFTWARE 
P.O, Box 2400 

East Liverpool. Ohio 43920-0400 



miniaturized DTMF 
encoders 

Pipo Communications has introduced the P 7 
and P-8 series of miniaturized DTMF encoders 
designed for custom installation in radios or sys¬ 
tems that are exposed to harsh or abusive en¬ 
vironments. Built with steel keys and sealed gold 
dome contacts to ensure reliability and long life, 
the P-7 and P 8 encoders will fit most radios. 



The P-7, a 12-key louchtone encoder, comes 
in vertical (P 7V) or horizontal (P 7H) formats 
measuring 2.16 inches by 1.5 inches by 0,20 
inches. The P-8, a 16-key touchtone encoder, 
is available in a vertical IP 8V) format only; it 
measures 2.16 inches by 1.9 inches by 0.20 
inches. Both are available in black or dark brown. 

For more information, contact Pipo Commu¬ 
nications, P.O. Box 2020, Pollock Pines, Califor¬ 
nia 95726 2020. 

Circle #303 on Reader Service Card. 


power strip spike protector 

TDP’s Model 10PS 101 Power Strip Voltage 
Spike Protector has been specifically designed 
to guard solid-state circuits against potentially 
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DETECTION DYNAMICS 


4700 LOYOLA LANE, SUITE 119 
AUSTIN, TEXAS 7B7B3 
C5123 345-8401 
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PLENTY OF BOOKS LISTED IN THE 
BOOKSTORE'S HOLIDAY CATALOG — 
TURN TO PAGES 88-89. SAVE TIME 
AND MONEY. SHOP BY MAIL FROM 
YOUR n SOURCE OF AMATEUR 
BOOKS AND SOFTWARE. 
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damaging voltage spikes by absorbing and dis¬ 
sipating them through two 50-joule MOVs with¬ 
out interfering with normal current flow. AN six 
outlets are circuit -breaker protected and rated 
at 15 amps. 

In addition, the 10PS 101 features a bi-direc¬ 
tional noise filter to eliminate both RFI and EF1 
interference. The noise filter functions over a 
broad band (100 KHz to 20 MHz); high frequency 
signals jn this range are attenuated by up to 30 
dB for improved equipment performance. 

UL listed and American-made, the 10PS101 
has six NEMA-type plug ins and a heavy duty. 



three-wife grounded 6-foot power cord. MOV 
working status is confirmed by a built-in indica¬ 
tor lamp. 

Fo/ more information, contact TDP Electron 
ics, 111 Old Bee Tree Road, Swannanoa, North 
Carolina 28778. 

Circle /3Q4 on Reader Service Card. 
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all-mode 440-MHz base 
station transceiver 

I COM has introduced the IC-475A 440 MHz 
base station transceiver. This deluxe all-mode 
base receives from 430 to 450 MHz and has 99 
tunable full-function memories, passband tun¬ 
ing, a notch (liter, noise blanker, buill-in SWR 
bridge, semi or full CW break-in, and a multi¬ 
function meter. The new 1C 475A also has* a 
velvet smooth tuning knob and easy-to read am 
her LCD readout with variable backlight. 



Four scanning systems are available: band, 
programmable, mode, and memory scan that 
scans 99 memories in five seconds, with selec¬ 
table fock-out. The IC-475A features exciting 
new options such as a tone squelch unit, speech 
synthesizer, and OSCAR module that allows 
tracking with a companion IC-275A or IC275H; 
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THROW AWAY YOUR FALCON CATALOGS 

Falcon Communications, 

THE source for quality, 

American made, MOS- 
FET repeater, base sta¬ 
tion and mobile power 
amplifiers announces a 
major re-design of our 
i fine. 



1 


See your dealer, or con¬ 
tact the factory, for the 
latest information on our 
new MOSFET and bi¬ 
polar power amplifiers. 



I-ALCON 

COMMUNICATIONS 




P.O. Box 8979 • Newport Beach, CA 92658 
(714)760-3622 
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2x4Z BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN DUAL BANI 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

FREQUENCY: BROAD BAND 
140-170 MHz 
410-470 MHz 

GAIN: 

VHF - 8.2dB 
UHF - 11.5dB 
VSWR - 1.-1.2 or less 

CONNECTOR: 

N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 

WEIGHT: 5 LBS. 3 OZ. 

WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 

MAST 

CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE 




AMATEUR SPECIAL 


Ma m 



1275 NORTH GROVKST. 
ANAHKIM, CALIF. 92806 
(714) 630*4541 

CABIT: N VKOI.U./. 

FAX (714) 630-7024 

^ 200 



IF YOU BUY, SELL OR COLLECT 
OLD RADIOS, YOU NEED ... 

ANTIQUE RADIO CLASSIFIED 

Antique Radio's Largest-Circulation 
Monthly Magazine 

Articles - Classifieds - Ads for Parts & Services 
Also: Early TV, Ham Equip., Books, 
Telegraph, 40 s & 50’s Radios & more.,. 

Free 20-word ad each month . Don 7 miss outt 
Sample * Free. 6-Month Trial - $10. 

I-Year: $18 ($24 by 1st Class). Foreign - Write. 

A.R.C., P.0. Box 2-A3, Carlisle, MA 01741 
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LINEARITY is our SPECIALITY 
10 - 900 MHz Preamp 

G=13dB NF=3dB IP=20dBm 


WI-COMM ELECTRONICS INC. 

P.O. Box 5174, MASSENA, N.Y. 13662 
(315) 769-8334 
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SPECIALIZED 

COMMUNICATIONS 

FOR TODAY'S RADIO AMATEUR! 

iieS§C 

BSslfgr 


Since 1967, covering all modes of 
Amateur Radio ‘‘specialty 1 ’ 
communications; Fast Scan TV, SSTV, 
FAX, Packet Radio, Computers, RTTY, 
AMTOR, Satellites, TVRO, Microwave, 
Lasers and more! 10 issues per year. 
Back issues available, SASF brings 
TRS80C, C64, IBM software catalog. 
U.S. subscribers $20/ycar. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 

SPEC-COM Communications & 
Publishing Group 
P.O. Box H, 

Lowden, Iowa 


VISA 

tmimm 


5% Added 



products 


an FL 83 500 Hz, 10.749-MHz CW filter, and an 
AG-35 mast mounted pre-amp. 

All subaudible tones are built in, and the ac¬ 
tual subaudible frequency is displayed. Standard 
repeater splits are also built in, and odd splits 
are programmable. The 25 watt IC-475A is simi¬ 
lar in design to ICOM's compact base station 
line: the IC-735, IC-275A, IC-275H and IC-575A. 

The IC-475A is priced at $1,999.00. More in¬ 
formation is available from ICOM Amenca, Inc., 
2380 116 Avenue N.E., P.O. Box C-90020, 
Bellevue. Washington 98009-9029. 

Circle #305 on Reader Service Card. 

CTCSS encoder 

Communications Specialists of Orange, 
California has introduced a small programmable 
CTCSS encoder for use in handheld radios and 
other size-restricted applications. Dubbed the 
SS-32SMP, this new encoder measures only 
0.53 x 1.00 x 0.16 inches, and offers full-tone 
versatility and high audio level. 



Any 32 tone frequencies between 0.01 and 
255.0 Hz may be selected for storage into a 32-bit 
EEPROM memory. These tone frequencies may 
be standard or non-standard, and may be 
changed at a later date if desired. The required 
tone frequency may then be selected by solder 
ing binary coded jumpers on the tone board. The 
SS 32SMP may also be ordered to work as a six 
tone encoder (no switching diodes are neces 
sary) at no extra charge. Multiple tone switch 
ing over six tones can be done with switching 
diode networks or a binary switch. Tone frequen 
cies above 255.0 Hz may be ordered for a slight 
additional charge. 

The SS 32SMP features a low impedance, 
low distortion, adjustable sine wave with ade 
quate audio level to provide sufficient deviation 
for most handheld radios. It operates on 6 to 15 
Vdc so that voltage dropping resistors should 
never be required. 

Priced at $27,95. the SS-32SMP is covered 
by o one year warranty and is available for im¬ 
mediate delivery from factory stock. A catalog 
is available on request; contact Communications 
Specialists, Inc., 426 West Taft Avenue, Orange, 
California 92665 4296 

Circle #306 on Render Service Card. 
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RATES Noncommercial ads IOC per word; 
commercial ads 60$ per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 


ENGINEERS request free catalog ol Electronics Software. Cir¬ 
cuit analysis, filter design, graphics, etc BV Engineering, 2200 
Business Way, Suite 207, Riverside, CA 92501 <714) 781 0252. 

REMEMBER TROLLEY CARS? Trolley Treasures: The War¬ 
time Years in New Jersey (1939-1947), a 4-volume photo¬ 
documentary history, includes 1600 unpublished, original 
photographs plus extensive historical notes. Volume I, The Com 
promise Hoof Cars of Public Service Coordinated Transport, 
ready now. SASE for details. To order, contact Trolley Themes, 
A.W. Mankoff, 2237-3 Woodside Lane, Sacramento, CA 95825. 
($14.95 plus $1.50 S£rH). 

RTTY JOURNAL— Now in our 3bth year. Join the circle of 
RTTY friends from all over the world Year's subscription to 
RTTY JOURNAL, $10 00, foreign $15.00 Send to: RTTY JOUR 
NAL, 9085 l a Casita Ave.. Fountain Valley, CA 92/08. 

IMRA International Mission Radio Association helps mission 
aries. Equipment loaned Weekday net, 14.280 MHz, 1-3 PM 
Eastern Nine hundred Amateurs in 40 countries. Rev Thomas 
Sable, S J , University of Scranton, Scranton, PA 18510 

BACK ISSUES HR Magazine from Voi 1 No 1 thru 1986. ex 
cept 2 issues. $150for all postpaid. Also PopTromcs, RE, 73 back 
to 1961 $15 00/full year. Write with your needs. Bill Fossman, 
632 Wetrnore, Everett, WA 98201 

MARCO: Medical Amateur Radio Council, Ltd, operates daily 
and Sunday nets. Medically oriented Amateurs (physicians, den 
tists, veterinarians, nurses, physiotherapists, lab technicians, 
etc.) invited to join. Presently over 650 members. For informa¬ 
tion write: MARCO, Box 73's, Acme. PA 15610. 

FOR SALE: ARCOS 2 meter K.W. RF deck using 8930 tubes. 
Unit was built by ARCOS then tt:sted and not used since. RF 
deck, manual and blower all new. $660. Call NS9M at 317- 
832 2229, and leave message. Mark Pupilli, Box 117, Blanford, 
Indiana 4 /831. 

HAM LAB PROJECT. Want several pieces HP G 382A varia¬ 
ble attenuator. Will consider any repairable condition. K6GOX. 
PO Box 10, O'Neals, CA 93645 (209) 868 3548 Collect 

30 YEARS PROVIDING QSL's. Full color Old Glory, Cartoon. 
Also Parchment, Golden Eagle and others. Free samples. SASE 
appreciated Rusprmt, Rt 1, Box 363 HR, Spring Hill, KS 66083. 


DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


TEST EQUIPMENT WANTED Don't wait we'll pay cash 
for LATE MODEL HP. Tek, etc. Call Glenn, N7EPK, at Skagitron- 
ics Co (800) 356 TRON 


SUPERFAST MORSE CODE SUPEREASY. Subliminal cas 
sette, $10. Learn Morse Code in 1 hour. Amazing new supereasy 
technique. $10 Both $17, Moneyback guarantee. Free catalog: 
SASE. Bahr, 2549-H7 Temple, Palmbay, FL 32905. 

SAT TRAK II - A complete advanced self contained satellite 
tracker with AZ/EL rotor control. Enter Keplerian data once via 
RS-232 with terminal or computer Memory for 12 satellites. Ac¬ 
curate. Solid state AZ/EL drive. Available from ADR, PO Box 
10184, Sarasota, FL 34230. (813) 378 3410. 

TELESCOPE 10" Meade, drive motor, lens, like new $750. 
Trade TS 430, FT 757. K6KZT 1805) 528 3181. 


HAMLOG COMPUTER PROGRAMS. 17 modules auto logs, 
sorts 7 band WAS/DXCC. Full features. Apple $19.95, IBM or 
CP M $24.95. KA1AWH. POB 2015. Peabody, MA 01960. 

RV OPERATORS are invrted to check in Sun 2 PMC, 14 240 
1 5. Tues. Thurs 8 PMC 3.880 f 5. Good Sam RV Net. Info 
SASE KJ4RO. 

YAESU FT-727-R COMPUTER INTERFACE. For info write 
Gerald Hogsett Consulting, 1581 Woodland, Palo Alto, CA 
94303. 

NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Full Service HanvSWL CB 
Scanner store in NJ. Discount Grand Opening Prices. Top per 
forming radio systems for every budget. New 10 meter and 
VHF/UHF rigs ARRL, Amphenol, Astatic, Astron, Azden, 
BbW, Bilal Belden 9913, Butternut, Clear Channel, KIM, Lar¬ 
sen, MFJ, Mirage, Mil Spec Cables, much more. Open M-F 10 
AM 9PM. Sat 10 AM 7 PM. Buy and sell used gear and have 
qualified repair facility. ABARIS SYSTEMS, 276 Oriental PI, 
Lyndhurst, NJ 0/071 (201) 939 0016 

CODE PROGRAMS. APPLE/C-64. 37 modes. LARESCO, POB 
2018, 1200 Ring Road. Calumet City. IL 60409. 1-312-891-3279. 

IBM-PC RTTY/CW. New CompRtty II is the complete 
RTTY. CW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII, BAUDOT. CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskeopy, break in buffer, se 
lect calling, text file transfer, customizable full screen logging, 
24 programmable 1000 character messages Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS-232C TU. $65. Send call letters (including MARS) with or 
der. David A. Rice, KC2HO, 25 Village View Bluff, Ballston Lake, 
NY 12019 


TEN-TEC, Now shipping new boxed USA made latest factory 
models, 561 Corsair II, 525D Argosy II. and Century 22 trans¬ 
ceivers. RX 325 general coverage receiver. Model 2510 Mode 
B Satellite Station, TT920 Airband Aviation handheld transceiver. 
Model 229B 2 kw antenna tuner. Model 425 Titan 1.5 kw linear 
amplifier, plus accessories and antennas, also booking orders 
for Paragon delivery. For best deal, write or phone Bill Slep 
704-524-7519 Slep Electronics Company. Highway 441, Otto. 
NC 28763. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. (213) 
774 1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc., Dept 301,4202 N. Drake, 
Chicago, IL 60618 

RECONDITIONED TEST EQUIPMENT $1,25 lor catalog 
Walter, 2697 Nickel, San Pablo, CA 94806. 



MEASURE VSWR, antenna patters, match circuit impedances 
from 100 kHz to 2 GHz with portable scalar network analyzers. 
Write for details. Direct Conversion Technique, 3132 North 
Lowell Avenue, Chicago, Illinois 60641 (312) 283 1690. 

CHASSIS, CABINET KITS. SASE K3IWK, 5120 Harmony 
Grove Road, Dover, PA 17315 

TELEVISION SETS made before 1946, early TV parts, litera 
ture wanted for substantial cash. Especially interested in "mir¬ 
ror in the lid" and spinning disc tv's Finder's fee paid for leads. 
Arnold Chase, 9 Rushletgh Road, West Hartford, Conn. 06117. 
(203)521-5280 


COMING EVENTS 

Activities — “Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCE¬ 
MENTS WHETHER OR NOT YOUR HAMFEST LOCATION, 
CLASSES, EXAMS, MEETINGS, FlEA MARKETS, ETC, ARE 
WHEELCHAIR ACCESSIBLE. THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OUR BROTHER/SISTER 
HAMS WITH LIMITED PHYSICAL ABILITY. 


CONNECTICUT: November 15. SCAR A Indoor Ham Radio and 
Computer Flea Market, N. Haven Park and Recreation Center. 
7 Imsley St, N. Haven. Sellers admitted at 7 AM, buyers from 
9 AM to 3 PM* Tables are $10 in advance, $15 at the door Gener 
al admission $2 per person. Talkin on 146.61 MHz. Reservations 
for tables must be prepaid by November 4, 198/and no reserva¬ 
tion by phone. For information or reservations SASE to SCARA 
POB 81, N. Haven, CT 06473 or call Brad at (203) 265 6478 be 
tween 7 PM and 10PM 

ILLINOIS: November Rockford Hamfest, Forest Hills Lodge, 
9900 Forest Hills Rd, Rockford. 8 AM to 4 PM. Tickets $3 ad 
vance, $4 at door. Amateur Radio arid computer dealers, indoor 
flea market, outdoor tailgating, radio/computer forums, ARRL 
speakers, exams, free parking. All on one level WHEELCHAIR 
ACCESSIBLE. For advance tickets SASE to Rockford Hamfest. 
6514 Swansdown drive, Rockford, IL 61111. For booth/table 
reservations SASE to Roger Sawvell, KD9MQ, 6514 Swansdown 
Drive. Rockford, (L 61111 or call (815) 282 1283. 

NORTH CAROLINA: November 21 and 22. The 7th annual 
Greensboro Hamfest Franklin Blvd. National Guard Aimory 
Sponsored by the MARK IV Radio Club 9 AM to 5 PM Tickets 
$4 advance, $5 at gate. New tailgate area. Ticket plus $2 per 
space. Walk in FCC exams. Information/registration. Fred Red 
mon. N4GGD, 3109 Goodall Drive, Greensboro, NC 2/40/ (9191 
852 9244 from 0100Z to 0300Z. Tickets only: Henry Hughes, 
KA4LPA, 2811 Gwaltney Rd, Greensboro, NC 27407 >CC 
exams: Hugh Brunson, AE4N (919) 852 1087 

ALABAMA: November 14 and 15, The Montgomery ARC's 10th 
annual Central Alabama Montgomery Hamfest. Ed Teague 
Arena, Central Alabama State Fairgrounds near Coliseum. Free 
admission, free parking. Overnight RV parking with hookups 
$5/night. Flea market and dealer setups Friday 7 to 10 PM Satur 
day and Sunday 6 AM. Tables $5 each/day or $7 each/both 
days. No reservations needed. Doors open to public 9 to 4 PM. 
FCC license exams both days starting 9 AM. For information: 
Montgomery Hamfest, POB 3141, Montgomery, AL 36109 or 
call Randy (205) 832-4598 or Ken (205) 271-0028 


COLORADO: November 29. The Denver Radio Club s an¬ 
nual Hamfest and ARRL State Convention, Jefferson 
County Fairgrounds, 6th Avenue and Indiana, Golden. 9 
AM to 2 PM. Swap tables, seminars, code contests. Non- 
ham events. Admission $2. Tables $S. Talk in on 147.93/33 
and 146.52. Contact Dean Haworth, AC0S (303) 279-4956 
tor more information. 


FLORIDA: November 21 and 22. South Florida ARRL Suncoast 
Convention sponsored by the Florida Gulb Coast ARC Council, 
St. Petersburg Hilton and Towers. Hugh flea market. Amateur 
exams. Saturday QCWA luncheon. Tech talks and demos. 
Registration tickets $4 to November 13. $5/door. For convert 
tion information write FGCARC, 1556 56thAvenue North, St. 
Petersburg, FL 33703. 


WISCONSIN: November 14. The Milwaukee Repeater Club is 
sponsoring the third annual "6.91 Friendly Fest". Serb Hall. 51st 
and Oklahoma Avenue. 8 Am to 1 PM. Sellers 7 AM. All on 
ground floor with easy access. Rain or shine. On site Amateur 
exams Tickets $3. 4’ tables $4. Save $1 per ticket or table - 
SASE with payment to Milwaukee Repeater Club, POB 2123, 
Milwaukee, Wl 53201 by November 7, 1987. Talk in on 146.91 
and 146.52 


MASSACHUSETTS: November 21. The Honeywell Bull 1200 
Radio Club and the Waltham Amateur Radio Association will 
hold their annual Amateur Radio and Electronics Auction, 
Honeywell Bull plant, 300 Concord Road, Billenca. Snack bar 
and bargain parts store. Doors open 10 AM. Free admission and 
parking. Talk in on 147,72/12 and 146.04/64 repeaters. For in 
formation' Doug Purdy, N1BUB, 3 Visco Road, Burlington MA 
01803. 


GEORGIA: October 31 and November 1. Ham Radio b Com 
puter EXPO '87 sponsored by the Alford Memorial Radio Club. 
Gwinnett County Fairgrounds, Lawrenceville, 20 minutes Nfc of 
Atlanta. VEC exams both days, covered flea market, free park 
ing, RV sites with hookups, convenient lodging $5 admission 
includes Saturday night cookout. For more information EXPO 
'87. POB 1282, Stone Mountain, GA 30086. 


MINNESOTA: December 5. The annual Handi-Ham Wintef 
Hamfest, Eagles Club, Faribault. Registration starts 9 AM. Handi- 
Ham equipment auction. Dinner at noon. Program follows 
License exams. Talk in on 19/79. For information: Don Franz, 
W0FIT, 1114 Frank Avenue, Albert Lea, MN 56007 


OHIO: November 22. The Massillon ARC will sponsor AUC- 
TIONFEST '87, Massillon K of C Hall, off Rt 21. 8 AM to 5 PM. 
Sellers setup 7 AM. Admission $3.50 advance and $4/door. 
Tables available $7/8' space. Refreshments available. Free park 
ing. Auction starts 11 AM. Talk in on W8NP, 147.78/.18. For 
advance registration and information SASE to MARC, POB 73, 
Massillon, Ohio 44646. 


OPERATING EVENTS 

“Things to do . . .” 

November 8: Armored Forces Amateur Radio Net wil( com¬ 
memorate Veteran's Day 060QZ thru Wed Nov 1 1 2400Z. 80, 40, 
20, 15m For certificate send large SASE to WB10WR, 16 Berk- 
ely Circle, Newington, CT 06111 


96 


November 1987 














November 8: To observe Velerao's Week, members of ihe 
Horn (osier Ratlin Club, Chicago, will opt*t*Mo (rum dies Hines VA 
Huspitai's Holieri K 'Poppy" Wade.K9C0B, Memorial Ham 
Shock ustruj Mine's dub coll K9WFN 15002 ?u 0300Z 40. 20. 
2fi> FM JnU 2m USB. For o commemorative certificate, semi 
QS!.. OSO number and 9x12 SASE wnh 39 cents postage or 
$1 00 to Hamfesteis Radio Chib, Inc,, Chicago, e/o Rollert K 
'Pappy" Wade Memorial Ham Shack, Bid 8^ Hines VA Hospi 
fill Mines. It 130141 

November 25; Cocos Keeling Island. Listen (or Hans, F6GVD 
and Victor G3AAG For two weeks. No specific frequency or 
time except first 10 minutes of the hour they will stand by for 
ORf* stations only and at hall hour (or handicapped operators 
QSi via GSL manager VK9YC or direct 10 F6GVD. 


HAM EXAMS: The MiT UFH Rejieatur Association and the Ml I 
Radio Society offer monthly Ham Exams AH classes Novice to 
Extra Wednesday November 18, 7 PM. MIT Room 1 ISO, 77 
Mass Ave, Cambridge, MA Reservations requested 2 days in 
advance Contact Ron Hoffmann at Ibl/i 64b H>41 Exam fee 
$4 25 Bring a copy of your current license (if any), two forms 
of picture 10. and a completed form 510 available from the FCC 
m Quincy. MA <6171 7/0 4023 


CHARGE 

YOUR CLASSIFIED ADS 


to your 

MC or VISA ^ 
write or call 


HAM RADIO MAGAZINE 

Greenville, NH 03048 
(603) 878-1441 


MOVING? 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and alfix below. 

Then complete your new address (or any 
other corrections) in the space provided 
and we'll take care of the rest. 

Allow 4-6 weeks for 

#471171 9 correction. 

Magazine 

Greenville, NH 03043 

Thanks for helping us to serve you better. 
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LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN, for 
Apple lle/c, MS-DOS, Commodore 
C-128 Apple Macintosh and Kaypro 
CPM Computers 

Here's a collection ol 30 super programs 
written by ON4UN Just about every interest 
or need is covered—from antenna design 
and optimization lo general operating pro¬ 
grams. Antenna programs include: shunt 
and series input L network design, feedline 
transformer, shunt network design, SWR 
calculation, plus 11 more! General Ham pro¬ 
grams include: sunrise/sunsel, great circle 
distances, graytino. vertical antenna design 
program, sunrise calendar plus 9 more! 

Phew. When you Sit down lo use these pro¬ 
grams you'll be amazed at whai you have. 
The best value in computer software avail¬ 
able today, ” 1986. 

i iUN-Apple Ite/llc SI9.95 

□UN-MS (MS-DOS) SI9.95 

OUN-CPM/Kaypro SI 9.95 

i jUN-C-128 (COMMODORE) S19.95 

□ UN-MAC (MACINTOSH) S24.95 

LOW BAND DX’ING 
by John Devoldere ON4UN 

Now Available! The new, 2nd edition ol the 
delinitive book on Low Band DX’ing. Based 
upon years of practical on-ihe-air 
experience, learn the secreis of how 
ON4UN has been so successlul on the low 
bands. Extensive coverage is given to trans¬ 
mit and receive antennas with clear concise 
explanations and plenty of illustrations— 
dipoles, inverted Vs. slopers, phased arrays 
and Beverages—they’re all in this book. 

Also covered: propagation, transmitters, 
receivers, operating, software and an exten¬ 
sive Low Band bibliography. Going to be a 
best seller! Get yours today. □ 1987 2nd 
Edition 200 pages 

i AR-UN Softbound S9.95 

BUY’EM BOTH 
SPECIAL OFFER 

Book & Software Reg. $29.90 
($34.96 for Mac) 

Just $24.90 ($29.90 for Mac) 
□UN-SO (specify computer) S24.90 
I JUN-MSO Macintosh Special $29.90 

SAVE $5 

Please enclose $3.50 shipping & handling 

ham radio BOOKSTORE 

k GREENVILLE, NH 03048 603-878-7441 A 


Crystal 
J%t Fitters 

YEAR-END CLEARANCE 

All starred ( ★ ) items 20% off; all others 10%. 
Prices are each except as noted. All filters 8-pole. 
Sale ends December 31,1987. 

FILTERS FOR KENWOOD - Rag. SB0 except as noted. 
8.83MHz IF for models: TS120 through TS940 
Bandwidth*: 250. 400, 1800. *2100, 8000Hz 

TS440 * Pair (400Hz CW,2.1 KHz SSB}. Reg, $120 

TS430 *Trlple(Bolh above plus AM) . . . Reg, $180 

455KHz IF for R820, TS830/930/940 .Reg. $110 

Bandwtdths Available: CW * 400Hz; SSB *2.1 KHz 

Matched Filter Palra for Above ....... Reg. $170 pr. 

(8.83MHz and 455KHZ) SSB: * 2100Hz, CW: *400Hz 

3.395MHz IF lor TS520, TS511, R599. 

Bandwidths Available: 250, 400, * 1800, 2100Hz 

Filler Cncado Kfti with Fluor and Amplifier 

For * TS430 $85; * TS520 $80; * TS620 — Reg. $70 

FILTERS FOR YAESU.Rag. $80 except as noted. 

3.18MHz IF for FT-101 Series except ZJD. 

BWS: 250, 500Hz, 1.8. * 2.1, * 2,4, 6.0KHZ 

8.2MHz IF for FT 102, FT-757/767, 

Bandwidths Available: * 250. 500, 2100Hz 
454KHZ IF tor FT* 102 ( * 250.500Hz)....... Reg. $75 

455KHz IF for FT-102 ( *2.1KHz) .Reg. $110 

8.9MHz for FT-101ZD/107/707Z901-2 FT-980, FT-77 
BWS; 250, 500Hz, 1.8. 2.1. * 2.4, 6.0KHz 
10.76MHz IF for ail but 980: BWs: 2.1. * 2,4KHz 

455 IF for FT980 only: BW *2.1KH* . Reg, SI 10 

455.8 IF lor FT-980, FT728: BW * 500Hz Reg. S 75 

9,0MHz IF for Tempo I (or FT-200), FT-301, F7-7;B 
BWS; *250, 500Hz. 1.8. * 2.1,2.4, 8.0KH2 
NOTE: Above are our "nomebrewers* favorites' ! 

FILTERS FOR ICOM (exact replacements) 

455 IF lor IC730/740/745/751. R70/71. etc 

Bandwidths: FL44A (SSB * 2.4KHz)... Reg. $109 

FL52A (500H2); FL53A (250Hz)., .. ,Reg,$85ea. 

FILTERS FOR HEATH - ALL MODELS .. . Reg. $85 

Bandwidths Available: 250, 400Hz * 1.8. 2.1 KHz 
For SB-104 Only; * 400Hz (3395.7 IF) 

FILTERS FOR DRAKE R-4C .... Reg. $85 exc, as noted 
GUF1 — Replaces original 1st IF 4-pole unit 
2nd IF 125($75). 250. 400Hz. 1.8, *2.lKHz 

FILTERS FOR DRAKE TR7/R7, etc, . . .. Rag, $65 

BWs Available: 250, 400Hz, 1 8, * 2.1 KHz 

UMITED QUANTITIES - ORDER NOW! 

Salas prices are baaed on our present stock. Orders 
lor sny exhausted type ol filter are subject to a 6-week 
delay. Order by phone to check availability! 

SPECIFY: Make and Model Number ol your Rig. 

Frequency and Bandwidth of fllter(s) 
ORDER by Mail or Phone — VISA/MC or COD OK. 
SHIPPING; $5 US and Canada, $13 elsewhere. 

GET THE BEST 8-POLE FILTERS 
FOR LESSI 

FOX-TANGO Corp. 

Box 15944, W. Palm Beach, FL 33416 
Telephone: (305) 683-9587 


1986-87 CALL DIRECTORY 

(on microfiche) 

Call Directory S8 

Name Indox $8 

Geographic Index S8 

All three - $20 
Shipping per order $3 

BUCKMASTER PUBLISHING . 
Mineral, Virginia 23117 ^ 

703-894-5777 


Mullibantl QRV 160-10 Dipole/V/Sloper 




Realty to Use 
Fastest Install I 

Coax Feed I 

102 feet long : 

Info: 39c s.a.s.e. 


Tough 
Flexible 
Kink-Proof 
23(H) V Insul 


1971 N Oak Unc 1300 E. 
Provo. UT 84604-2138 


Full Legal Power 
No Lossy ‘t raps 
Low Noise 
I Never Corrodes 

$49.95 ppd. 

incl TOpTfdi Mam*) 

AntennasWest 
(801) 374-1084 
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ELMER’S NOTEBOOK 


Tom McMullen, W1SL 


receiver buzzwords 

Because this is the annual receiver 
issue. I'll try to clarify some receiver- 
related terms you might be wondering 
about. Who knows? This information 
might even help you choose a rig from 
among the many available. 

One of the biggest problems an 
Amateur faces is interference from 
other signals, so I'll emphasize tech¬ 
niques that help reduce that problem. 

RIT stands for Receiver incremen¬ 
tal Tuning, a way of tuning the receiver 
without disturbing the transmitter fre¬ 
quency. This feature is useful if the 
station you're listening to drifts slight¬ 
ly, or if you have to tune just a wee bit 
off frequency to minimize the effects 
of interference. In the earlier days of 
single-VFO transceivers without RIT, 
when you moved your receiver dial 
you also moved your transmitter. The 
other station then had to move to tune 
you in. Then you'd move again — and 
so on. This led to the two stations 
"walking" each other across the band; 
if they weren't careful, they could wind 
up out of bounds. With RIT, you can 
leave the transmitter alone and move 
the receiver a few Hz to keep the other 
station tuned in. 

A direct conversion or single 
conversion receiver is perhaps the 
simplest type of heterodyne receiver in 
use. It's basically a local oscillator 
(usually a very stable VFO) and a bal¬ 
anced mixer. The rf signal and the 


VFO are both fed into the mixer, and 
when the two frequencies are the 
same (zero-beat with each other), any 
audio present on the rf signal becomes 
a product of the mixing process. This 
audio is fed to audio amplifiers to drive 
a headset or a speaker, as needed. An 
rf amplifier is often used ahead of the 
mixer, and an audio filter after the mix¬ 
er to prevent hearing the beat notes 
produced by nearby signals. Many 
low-power or portable stations use this 
type of receiver because of its sim¬ 
plicity, light weight, and low power re¬ 
quirements. While direct conversion 
isn't directly related to interference 
problems, it's worth knowing about 
this type of receiver in order to under¬ 
stand other discussions to come. 

If a single-conversion receiver con¬ 
verts once — from rf to audio fre¬ 
quencies — then it follows that a 
double-conversion receiver converts 
twice. The first conversion mixes an rf 
signal with the first local oscillator, 
which produces an intermediate fre¬ 
quency signal, abbreviated if. (Notice 
the hyphen; it's there so you'll know 
not to read "i-f" as the word "if.") 

The second conversion mixes the i-f 
signal with a second local oscillator to 
produce . . . Uh, here's where our 
nice, neat scheme falls apart! 

Older receivers, designed to handle 
amplitude modulation (a-m), used a 
diode detector at the end of the i-f 
amplifier circuit. The second local 
oscillator would produce another i-f 


signal, which would then be detected 
by a diode, to produce audio, etc. In 
this case, it's a double-conversion 
receiver. However, newer receivers, 
designed to handle single-sideband 
(SSB) signals, needed a different ar¬ 
rangement. Diode detectors are prac¬ 
tically useless for SSB detection, so a 
circuit called a product detector, 
amazingly similar to the single-conver¬ 
sion scheme I mentioned earlier, was 
developed. This circuit includes a local 
oscillator that mixes with the i-f signal 
to produce audio output. The product 
detector works well with a-m and CW, 
and really shines with SSB signals. 

So whether a receiver is double or 
triple conversion really depends on the 
definition of the detector circuit. For 
example, a receiver that uses a VFO to 
produce an i-f of, say, 9 MHz, and 
then a second oscillator and mixer to 
produce a lower i-f at, perhaps, 455 
kHz, which is followed by a diode de¬ 
tector, is clearly a double-conversion 
receiver. 

Does changing the diode detector to 
a product detector make the receiver 
triple conversion, then? The purists 
will say yes, but many manufacturers 
just don't mention it, (And it really isn't 
important unless you need to know the 
definition in order to prove a point!) 

Double-conversion receivers are im¬ 
portant, however, in solving image 
problems. To follow me through this 
one, image rejection, you'll need to 
look at fig. 1 and check the arithmetic. 
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If the signal you wanted to listen to 
was the only one on the band, life 
would be simpler. But there are plenty 
of signals out there, and most of them 
aren't the ones you want to hear. A 
simple receiver (such as a single¬ 
conversion type) is capable of receiv¬ 
ing all sorts of things you don't want, 
many of them signals that aren't in the 
Amateur bands. Let's say you want to 
tune in a signal at 28.205 MHz. Your 
i-f is 455 kHz, so your VFO is at 27.750. 
This produces the right i-f, but if 
there's a loud signal at 27.295 (as there 
often is), it too can mix with the VFO 
to produce 455 kHz. 

This intruder is called the Image 
signal. An interesting thing is that the 
image signal is always twice the first 
i-f away from the signal you want. In 
the case above, 2 x 455 = 910, and 
28.205 - 0.910 = 27.295. If you know 
that, you can track down suspected 
image interference. 

How do you get rid of it? There are 
a couple of common tricks: one is to 
place the VFO above the signal — at 
28.660 to receive 28.205 MHz, for ex¬ 
ample. This would place the image at 
29.115, which means that the signal 
would be from an Amateur station — 
but that's not much help if it buries 
your QSO. 

A more practical method is to use 


a double-conversion receiver and make 
the first i-f high — perhaps 9, 10.7, or 
even 70 MHz. The high i-f places the 
image quite some distance away from 
where the receiver front end is tuned, 
and it's easier for simple tuned circuits 
to reject a signal that's far removed 
from its design frequency. For in¬ 
stance, a 10.7-MHz i-f will place the 
image of 28.205 at 49.605 MHz, as 
shown in fig. 1. Even a mediocre front 
end can reject that one. 

Another common cure is to build 
filters (special tuned circuits) that pass 
only a narrow range of frequencies, 
say from approximately 27 to 31 MHz 
for the 10-meter band, but greatly at¬ 
tenuate anything outside that range. 
Many modern solid-state receivers use 
this technique on all bands, along with 
broadband rf amplifier sections, to pro¬ 
vide good performance and require 
minimum attention from the operator. 

SINAD isn't a remedy for sinus 
trouble; it's a test commonly used to 
determine how well a receiver hears a 
weak signal. SINAD is an acronym for 
signal 4- noise + distortion to noise 
4- distortion ratio. (Aren't you glad 
they shortened it?) This is what it 
means: 

If you disconnect the antenna from 
your receiver and turn the audio gain 
up, you'll hear a hiss or rushing noise. 


That's the "noise" part of the formula. 
It takes a certain amount of signal 
strength to be heard through that 
noise. The level of that signal is the 
"signal" part of the formula. The "dis¬ 
tortion" part comes in because a sig¬ 
nal can be loud but not clear. 

The signal generator used for this 
test is modulated, and the recovered 
audio from the receiver is compared 
with the modulation waveform to see 
if it has been distorted — and usually, 
it has. Thus, the test will determine 
how strong a signal it takes to produce 
some specific output above the noise, 
and how badly the i-f filters, audio am¬ 
plifiers, and even the power supply 
hum have distorted the audio output. 

Fortunately for us, the test results 
are neatly summed up on a meter on 
the test equipment, and we don't have 
to spend a lot of time calculating ratios 
and such. The test instrument, natur¬ 
ally enough, is called a SINAD meter. 

The usual method of rating a re¬ 
ceiver under this test is to state a sig¬ 
nal strength that's required to meet a 
particular dB SINAD ratio: for example, 
0.5 pi V for 12-dB SINAD. The lower 
the microvolt {pM) number, the better 
the receiver, and 12 dB is an industry¬ 
wide benchmark used in the test. 

An i-f notch filter (or i-f notch 
tuning) is another device used to 
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reduce the effect of interference. It 
consists of a high-Q circuit that works 
within the "window” or passband of 
the i-f amplifier. Instead of acting as 
a bandpass device, however, it's a 
band-stop circuit designed to attenu¬ 
ate greatly whatever frequency it's ad¬ 
justed for. This is most useful if you're 
listening to a weak signal (or even a 
moderately strong one) and someone 
pops up close enough to create an ear- 
splitting whistle or lots of "splatter” on 
top of the signal you want to hear. By 
adjusting the i-f notch, you can often 
reduce the commotion to a level you 
can live with. 

An i-f notch filter will have limited 
usefulness, however, because any 
notch deep enough to really eliminate 
an interfering signal will also reduce 
the strength of the signal you want to 
hear. 

Interference suppression can also be 
handled by an audio filter that cuts 
off all audio tones outside a narrow 
range. This is great for CW signals, but 
voice (SSB) tends to sound hollow 
and distorted if the audio passband 
gets too narrow. There is an equiva¬ 
lent to the i-f notch filter called the 
audio-notch filter or audio¬ 
rejection filter. A piece of electronic 
trickery that uses op amps to create a 
phase shift that will cancel the offend¬ 
ing tone, it works quite well, and usu¬ 
ally consists of one or two integrated 
circuits, a potentiometer or two, and 
a few resistors and capacitors. Both 
the frequency of rejection and the 
degree of rejection (depth of the 
notch) are adjustable. The audio-notch 
filter is a great add-on for direct- 
conversion receivers. 

Another neat bit of electronic 
sleight-of-hand is i-f shift. It takes 
some of study to figure out how it 
works, but it's really quite simple. In 
essence, it works this way: when a sig¬ 
nal is in the same i-f passband as the 
one you want to hear, you just move 
the passband "window” over a bit un¬ 
til that signal is outside it. You can do 
the same thing by slowly tuning your 
receiver until the interference is out of 
the passband, but when you do that, 
the signal you want is moving also. 





fig. 2. I-F shift, or i-f tuning, can move 
an interfering signal out of the i-f pass- 
band, then place the wanted signal back 
in the low-freqency i-f window for clear 
reception. This example uses approxi¬ 
mately 8 MHz for a passband filter, then 
converts down to a conventional 455- 
kHz i-f for further amplification and de¬ 
tection. 


and might end up as a tone that's not 
easy to hear (on CW) or as duck-talk 
(on SSB). 

Perhaps fig. 2 will help clarify this. 
At A, both the interfering signal and 
the wanted signal are in the i-f pass- 
band. By adjusting the i-f shift, you 
can move the interfering signal out of 
the passband, as at B, and leave the 
wanted signal in. Now, the only trick 
is to get the wanted signal back into 
the center of the window again, as at 
C 

How do they do that? By adding 
two more conversions in the i-f ampli¬ 
fier chain, and using the same beat- 
frequency oscillator (BFO) to mix with 
the signal twice. For example, you can 
mix a 455-kHz signal with an 8.0-MHz 
BFO to produce an 8.455 i-f. This i-f 
signal then passes through a filter and 
into another mixer. There, the 8.455- 
MHz signal mixes with 8.0 to produce 
the original 455 kHz i-f again. 

Now to exercise the cranium a bit 
more — with the help of fig. 2 — and 
get more specific: let's say that the sig¬ 
nal you want comes through the i-f 
amplifiers at 455,000 Hz (455 kHz). 
The one that's bothering you comes 
through at 455,500 Hz. This produces 
the normal result at A, with both sig¬ 
nals inside the i-f passband. By detun¬ 
ing the 8.500-MHz VFO a few Hz to 
8.499, and mixing with the i-f signals, 
you can change the wanted signal to 
8.044, and the interference is at 8.0435 
MHz, as shown at B. 

The 8-MHz i-f filter will pass 8.044, 
but not 8.0435, so the interference is 
gone! When 8.044 is again mixed with 
8.499, the difference is 455 kHz, which 
is right back in the middle of your i-f 
window (at C), just where you want it. 

Of course, this is a greatly simplified 
example of how it works, and I've 
made the frequency separations large 
to make the example easier to follow, 
but you get the idea. Many manufac¬ 
turers use more complex circuits to 
accomplish this, and some use phase- 
locked loop (PLL) circuits to move the 
signals around and reject the unwant¬ 
ed ones. No matter how they do it, the 
results make it worth looking for this 
feature in a receiver. 
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conclusion 

The degree of interference rejection 
you need depends upon the type of 
operating you do. On most of the hf 
bands, crowding is a way of life, and 
the best DX is usually buried beneath 
several layers of loud signals. It seems 
to be magic when an experienced 
operator can peel away those layers to 
leave an SI or S2 signal standing 
alone, perfectly readable among S9 + 
"locals." By carefully choosing your 
interference-fighting weapons, and 
with some practice, you too can be¬ 
come a magician. 

Next month. I'll explore the possibil¬ 
ities of 1200 MHz. 
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The ORIGINATOR of the VHF AMP/PREAMP COMBO! 

YOU KNOW THE LUNAR NAME...NOW OWN THE BEST, 

• Solid State Amplifiers for 50, 144, 220, 440 MHz • 

NEW! GaA$ FET Receive Preamp Built-In! 

NEW! UHF Models of Latest Design! 

NEW! Model V2-500 for Two Meters... 

500 Watts Output in a Deluxe Packagel 


See your 
dealer or call 


il I I * * I I- II * ». II I. 

L) KI FI R 

COMMUNICATIONS 6. SYSTEMS DIVISION 


Full line of 
separate preamps 
available 


7930 Arjons Drive • San Diego, CA 92126 • Telephone (619) 549-9555 • Telex 181747 
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28th ANNUAL 

TROPICAL HAMBOREE 

ARRL HAMFEST OF THE AMERICAS 
FEBRUARY 6-7,1988 

DADE COUNTY YOUTH FAIR GROUNDS 
Tamiami Park, 10901 S.W. 24 Street (Coral Way), Miami, Florida 



FREE PARKING 15,000 VEHICLES 
1,000 INDOOR SWAP TABLES 
300 CAMPSITES WITH FULL HOOKUPS 
200 COMMERCIAL EXHIBIT BOOTHS 
COMPUTERS & SOFTWARE 
HAMBOREE DEALER SPECIALS 


LICENSE EXAMS 
PACKET RADIO PROGRAMS 
DX FORUM 

RCA FLORIDA SECTION LUNCHEON 
TECH TALKS 

ACTIVITIES FOR NON-HAMS 


Registration: $5.00 Advance — $6.00 Door. Valid both days, (advance deadline Jan. 30th) 

Swap Tables, 2 days: $16.00 each. Power: $10.00 per user. 

All swap table holders must have registration ticket. 

Campsites: $12.00 per day, includes water, power, sanitary hook-ups, showers. 

(All RV vehicles, tent campers, vans, trailers welcome — no ground tents, please.) 
Headquarters Hotel: Miami Airport Hilton, 5101 Blue Lagoon Drive. 

Special Hamboree Rates: $55.00 Single or Double. 

Reservation forms available through Dade Radio Club December 1st. 


Make checks for Registration, Swap Tables & Campsites payable to: 
DADE RADIO CLUB, P.O. BOX 350045, MIAMI, FL 33135 


Exhibit Booth 
Information: 

Evelyn D. Gauzens, 
W4WYR, Chairman 
2780 N.W. 3rd St. 
Miami, FL 33125 
Telephone: 
(305)642-4139 


4-Page Brochure 
Available... 
December 1 st 


November 1987 


103 






















**<*#«£ 




M". .-3j 

.v jjjj 

p,> •■>■*(£ 


ocus 


communications 
■echnofoav 










DECEMBER 1987 

volume 20, number 12 


T. H. Tenney, Jr., W1NLB 

publisher 

Rich Rosen, K2RR 

editor in chief 
and associate publisher 

Dorothy Rosa, KA1LBO 

managing editor 

Tom McMullen, W1SL 
Joseph J. Schroeder, W9JUV 
Alfred Wilson, W6NIF 
associate editors 

Susan Shorrock 
editorial production 

editorial review board 

Peter Bertirii, K12JH 
Forrest Gehrke, K28T 
Michael Gruchalfa, P E. 
Bob Lewis, W2EBS 
Mason Logan, K4MT 
Vern Riportella, WA2LQQ 
Ed Wetherhold, W3NQN 

publishing staff 

J. Craig Clark, Jr., N1 ACH 
assistant publisher 

Rally Dennis, KA1JWF 
director of advertising sales 

Dorothy Sargent, KA1ZK 
advertising production manager 

Susan Shorrock 
circulation manager 

Therese Bourgault 
circulation 

Hans EverS, PA0CX 
cover 

ham radio magazine is published monthly by 
Communications Technology, Inc. 
Greenville, New Hampshire 03048-0498 
T elephone: 603-878-1441 


subscription rates 

United States: 

one year, $22.95, two years, $38.95, three years. $49.95 
Europe (via K(_M air mail!, $37 00. effective January t. I9S8, $40 00 
Canada, Japan, South Africa and other countries (via surface maill, 
one year, $31 00, two years, $55.00, rhree years, $74,00 

All subscription orders payable in U S funds, via international 
postal money order or check drawn on US. bank 

international subscription agents: page 119 

Microfilm copies are available from 
University Microfilms, International 
Ann Arbor, Michigan 48106 
Order publication number 3076 

Cassette tapes of selected articles from bam radio 
are available to the blind and physically handicapped 
from Recorded Periodicals, 
919 Walnut Street, Philadelphia, Pennsylvania 19107 

Copyright 1987 by Communications Technology, Inc. 

Title registered at U S. Patent Office 

Second class postage paid 
at Greenville. New Hampshire 03048 0498 
and at additional marling offices 
ISSN 0148 5989 

Send change of address to ham radio 
Greenville, New Hampshire 03048-0498 


ham 



magazine 


contents 


10 a simple rotor interface board 
for the C-64 and the VIC-20 

Neil Hill, K7NH 

29 a RAM drive for packet radio 

Thomas M. Hart, AD1B 

33 design an amplifier 
around the 3CX1200A7 

W. J. Byron, W7DHD 

49 practically speaking: 

generating low i-f frequencies 

Joe Carr, K4IPV 

57 the technology of commercial 
television 

part 1: historical aspects 

Eric Nichols, KL7AJ 

72 VHF/UHFworld: 

low-noise receiver update 
— part 2 

Joe Reisert, W1 JR 

83 ham radio techniques: 

remembering Art Collins, 9CXX 

Bill Orr, W6SAI 

98 cumulative index 
1983-1987 

113 Elmer's notebook: 
the 1200-MHz band 

Tom McMullen, WISE 


122 advertisers index 118 ham mart 
and reader service 95 new product. 
9 comments 4 reflections 

91 DX forecaster 
120 flea market 



December 1987 


3 








REFLECTIONS 


Seasons Greetings 

One afternoon not long ago. Skip and I were discussing the latest video to come to our attention. 
No, it wasn't the latest flick from our local magnetic media emporium, but rather a professionally 
produced video entitled "The New World of Amateur Radio" in VHS format. 

You're right — it's that 30-minute video from the League that explains what Amateur Radio is all 
about. I'm sure you're familiar with most of the key players. In fact, in some of the scenes you might 
even recognize yourself. 

It's quite well done, and we enjoyed watching it. I'm not going to go into a scene-by-scene descrip¬ 
tion; instead. I'll just pass on an idea Skip suggested. 

What if quite a few of us each obtained a copy (it costs only $20, and what e/se can you buy for 
$20 these days, anyway?) and offered it to our local family video center for free? The ARRL could 
prepare a poster or other in-store display piece for distribution to hams willing to undertake this effort. 
I'm pretty sure the family video center that I'm a member of would be willing to at least try it for 
a while. While there'd be no money exchanged, store owners could offer a free rental of the ARRL 
tape with the rental of any other. Everybody I know likes a bargain. Used as a promotional item, 
it's conceivable that the tape might actually help business. 

Wait a second. Wasn't this film meant to be distributed to ham clubs, schools, etc.? Absolutely. 
But hams dubs already have hams. Wouldn't it make sense to make the tape available to the general 
public? Doing this might have several positive effects: first, it might encourage some of our younger 
generation to find out something about Amateur Radio; second, it can't hurt our image. Maybe one 
of those people borrowing the tape will just happen to be that neighbor who's been so critical of 
your tower or your operation. It might explain a few things to him. By jingo, I can see it now — 
an 80-meter, double-extended zepp strung between your property and his! 

A possibility? Contact the American Radio Relay League's Publication Sales Office, Dept. NW/HR, 
225 Main Street, Newington, Connecticut 06111, for your copies of "The New World of Amateur 
Radio" — one for you, one for your neighborhood video store, and five or ten more for all the lucky 
people on your holiday gift list. 

Happy Holidays! 


Rich Rosen, K2RR 
Editor-in-Chief 
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comments 


sentimental 
technocrats speak 

Dear HR: 

The "Reflections" column of Sep- 
tember 1987 ("A Sentimental Techno¬ 
crat Speaks") was the best thing 
written about Amateur Radio in 20 
years. Mr. Zavrel, W7SX, captured my 
feelings as well as those of most of my 
friends with his well-written article 
. . . he forgot one dislike, however: 
ready-made coax with crimp-on con¬ 
nectors. 

J. R. Sheller, KN8Z (ex WA8ZDF) 


Dear HR: 

I loved Bob Zavrel's editorial (Sep¬ 
tember 1987). It's my turn now — but 
aren't we too young to be talking like 
this? 

What about the warm glow of the 
tubes, the click of the big antenna 
relay switching from receive to trans¬ 
mit, the smell of wax capacitors and 
carbon resistors cooking, the drifting 
of the old receiver, the steadfastness 
of that rockbound 6146, the hetero¬ 
dynes of the a-m bands, the quality of 
the audio on those signals, all those 
homebrew radios and amplifiers with 
those weird, unheard-of tubes, the 
vibrating transmitter cabinet tops, the 
occasional job of peaking those slug 
coils in the rf section of the receiver 
and that "plastic" tuning wand used 
to do so? How about the old tube 
tester down at the K&-B, the ease of 
changing tubes, and the reliability of 
the fact that if a tube wasn't lit, that 
was the problem? (This is why I dis¬ 


like metal tubes.) And what about the 
deep red glow of an overloaded 6146, 
the pop of a high voltage arc, blown 
fuses, the smell and sting of finger skin 
on a hot tube, the smell and heat of 
natural convection; the burned spots 
on painted cabinet tops and the smell 
of cooking bakelite pc boards? The 
smell of a new roll of wire, of hot 
solder flux — and the memory of run¬ 
ning home after school to turn the rig 
on, after you'd been given a 50-foot 
length of coax ... the thrill of that first 
QSO, of wondering who might answer 
a CQ — and most of all, old radio 
friends. 

Richard W. Thimmesch, WA5NYG 
Belle Chasse, Louisiana 70037 


romantic whining? 

Dear HR: 

I'd like to take this opportunity to 
respond to Rich Rosen's editorial, 
"Evolution" (August 1987). 

My experience with readers and kit 
buyers indicates that he is correct; 
most avid builders are older. Many, 
having already lost wives and the abil¬ 
ity to focus beyond 8 inches, are dying 
off even as we speak. Others of us 
simply never recovered from the war, 
and make little radios for therapeutic 
reasons. 

Nevertheless, acknowledging that 
fact touches a raw, primal nerve¬ 
ending in my Amateur Radio soul. It 
makes me want to fire up, grab my 
rusty old J-38, and take a stand. 
"Don't hide behind that 940, you 
paper-crazed DX junkie," I'd pound. 
"Pull your iron, and let's see if you've 
got what it takes to call yourself a 
REAL ham!" 

But alas, such romantic whining 
from the island of QRP would only be 
lost in a turbid sea of mixer-crushing 
affluence. Perhaps, more constructive¬ 
ly, I could simply ask that a quiet spot 
be reserved for my bones ... in the 
ARRL museum. 

Rick Littlefield, K1BQT 
Barrington, New Hampshire 03825 


moon bounce 

Dear HR: 

While it is correct that "moon 
bounce" first occurred in 1946 (see 
WIJR's "VHF/UHF World," August 
1987), the radar used was not com¬ 
mercial, but military. The event took 
place at the United States Army Sig¬ 
nal Corps Laboratories at Belmar, New 
Jersey. The New York Daily Mirror of 
Friday, January 25, 1946 (2 cents a 
copy!) covered the story of Project 
Diana under the headline, "Army Con¬ 
tacts The Moon." 

ham radio continues to be outstand¬ 
ing. But how could you miss with 
Mssrs, Reisert, Orr, Beers — and 
others — all contributing to a single 
issue? 

Len Sheer, W7WRQ 
Phoenix, Arizona 85018 

UHF/SHF newsletter 

Dear HR: 

) enjoyed the July issue of ham radio 
very much, and agree completely with 
WA2LQQ's view on the use of bands 
from 13 cm "upward" (Vern Riportella, 
"13 cm: Onwards and Upwards," 
page 4). 

I'm really concerned that publica¬ 
tions available in the United States 
don't hold a candle to some of the 
European publications in terms of their 
presentation of UHF/SHF technical 
material. Take any edition of Dubus, 
for example, and you'll see what I 
mean. 

I'm doing what little I can with VHF- 
Pfus Update, and I know you're doing 
quite a lot with ham radio , but there's 
a long way to go, and I hope that other 
major Amateur publications will get 
wise to the importance of our UHF/ 
SHF bands! 

Jack C. Parker, KC0W 
4016 Narrows Road 
Erlanger, Kentucky 41018 

Note: Jack publishes a fine newsletter 
called KCOW's VHF-Pfus Update . It's 
well worth subscribing to. — Ed. 
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Track satellites with 
your personal computer 



a simple rotor interface board 

for the C-64 and the VIC-20 


The AUTOTRAK project combines three of my 
favorite subjects — Amateur Radio, computers, and 
Amateur satellites. 

It began several years ago when I purchased a ZX81 
(later to become the Timex 1000) computer, taught 
myself BASIC, and developed a program for tracking 
satellites. Shortly afterward, AMSAT chose the ZX81 
to be part of its AMS81 project to develop tracking 
software and a companion hardware board to control 
rotors for automatic antenna aiming. Though I was 
privileged to be one of the beta testers of the software, 
the hardware board never appeared; I assume it 
couldn't be produced for the "under $100" figure that 
had been targeted. 

Seeing a real need for automatic rotor control, I 
decided to try to design one to interface to the track¬ 
ing program I'd developed. It had to be simple, inex¬ 
pensive, and easy to use. The AUTOTRAK board 
meets these criteria, and is adaptable to many differ¬ 
ent rotors and a variety of computers. While the board 
was sold commercially by Spectrum West and al¬ 
though I still build and market them, I'm pleased to 
share the design with others. 

This article describes its use with the Commodore 
64 and VIC-20, but the design can be made to work 
with any computer that allows you access to the ad¬ 
dress and data lines. The board will interface with 
memy light-duty rotors that use a linear pot to "sense” 
antenna direction — for example, the Kenpro 400/ 
500/5400 and HD73. The board output can also be 
configured to support the new computer-ready Ken¬ 
pro 5400A/5600A. 


I Designed to be powered by an 11.0- to 15-volt ac 
wall transformer, AUTOTRAK won't operate rotors 
with brakes or those of the chunk-chunk style. Accu¬ 
racy is within a couple of degrees, which is sufficient 
for all but very large arrays. Its overall cost should be 
only about $70. 

The software consists of a couple of short program 
lines, written in BASIC, which you can add to your 
favorite tracking program, (The new SUPER VR85 
tracking program has the coding already built in.) A 
short operating program and software information are 
supplied at the end of the article. 

theory of operation 

Your tracking program will calculate where the sat¬ 
ellite is supposed to be at a particular time and pro¬ 
vide azimuth and elevation bearings to the satellite for 
that time. The new program lines you add to your pro¬ 
gram will calculate a number (between 0 and 255) rep¬ 
resenting your azimuth and elevation bearings. These 
numbers are POKEd onto your computer's data bus, 
where they're latched by D-to-A converters and 
changed to an analog voltage corresponding to the 
direction in which the computer says your antennas 
should be pointing. Meanwhile, the actual direction 
of each antenna is brought onto the board via the 
direction "sense" lines from the rotor controllers. Af¬ 
ter being processed, these voltages, and those of the 
D-to-A converters, are summed together and applied 

By Neil Hill, K7NH, 22104 66th Avenue W., 
Mountlake Terrace, Washington 98043 
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to "window" comparators. If the output voltage of the 
summing circuit is at or near zero, it will fall into the 
window and the antenna will not move. However, if 
the voltages are unequal, there will be a voltage and 
polarity difference and one of the two comparators 
making up the window comparator will be turned on. 
Through an appropriate output circuit, the antenna will 
then be rotated until the output of the summing cir¬ 
cuit reaches zero, at which time the comparator will 


turn off, leaving the antenna pointing where the pro¬ 
gram says it should. 

For details, refer to the schematic (fig. 1) and fol¬ 
low along. As noted above, two AD558 D-to-A con¬ 
verters continuously monitor the data lines and will 
latch and hold whatever data is ready whenever their 
read and enable lines are low. The AD558 was cho¬ 
sen for three important reasons: it provides a voltage 
rather than current output; the fulbscale voltage can 
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be set for either 2.5 or 9.75 volts; and it has a built-in 
latch, which allows the computer to go on its way 
once the chip has received the information it needs. 

Part of the simplicity of the AUTOTRAK design is 
attributable to the presence, on the Commodore 64 
and VIC-20, of two 1-K wide I/O sections that aren't 
normally used. I simply POKE an address in each sec¬ 
tion to activate the azimuth and elevation D-to-A con¬ 
verters momentarily. (On other brands of computers, 
you'll probably need to decode the address lines, but 
this should require only a couple of ICs.) The output 
of each D-to-A converter is applied to one side of a 
summing circuit consisting of two 22-k resistors. The 
other side of each summing circuit is fed by the out¬ 
put of one half of an LM4558 op amp, which accepts 
the sense voltage from the associated rotor, inverts 
it, and "matches" it to the voltage range of the cor¬ 
responding D-to-A converter. 


Adjustment of the + input of the op amp sets the 
low or CCW end of rotation, and its gain adjustment 
sets the high or CW end. The outputs of the summing 
circuits are tied to window comparators, each formed 
by both halves of an LM319. The high speed of the 
LM319 is important for accuracy, but it's very sensi¬ 
tive to noise and ac signals on its inputs, so special 
care must be taken to control the input signals. The 
size of the window determines the accuracy of the 
board. I found a 47-ohm resistor to be about the right 
value. Increasing this value widens the window, and 
decreasing it causes it to close; however, too small 
a value causes both halves of the comparator to be 
on at the same time, which can cause problems. 

The outputs of these comparators in turn operate 
a pair of optoisolators, one for each rotor direction, 
and LEDs that indicate which direction is active. These 
LEDs are also used when making the setup adjust- 
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PORTABLE ANTENNA 



MODEL AMO 

Designed for 
APARTMENTS 
MOTELS 
VACATIONS 

PRICE 


Add $3.00 

Shipping and Handling 


Quick Simple Installation. Operates on 2,6,10,15.20.30 
and 40 meters. Ail colls supplied. Only 22-1/2 inches long. 
Weighs less than 2 lbs. Supplied with 10 ft. RG 58 coax 
and counter poise. Whip extends to 57 inches. Handles 
up to 300 watts. 

VSWR—1.1:1 when tuned 

Wrtts tor more delate and other B&W products 


BW 



|| 


mm . . 

mWMZ 


Quality Communlcatfon Products Sine© 1932 
At your Distributors Write or Call. 

10 Canal Stroof. Bristol PA 19007 

(215) 7M-SS61 '':|® 


GL6 


PACKET RADIO 
GOES PORTABLE 


THE FIRST CONTROLLER DESIGNED 
FOR PORTABLE AND SOLAR- 
POWERED STATIONS 



OLB 


MOoancH 

Kxxmi mm cdntroui* 



LOW 25 mA Current Drain 

Miniature size - Lightweight. NEW SOFTWARE FEATURE: 

Rugged metal, shielded case. INTELLIGENT “BUDLiST*' - Provides 
Lithium Battery backup for RAM. selective callsign littering for 

Onboard Watchdog for reliability Digipeating. Monitoring and Connecting 
Standard DB25 Connectors. 

•'Connected" Status output line. 

Remote Commands in Unattended Mode Model PK1 -L 

with Hardware Lockout Wired/Tested 

Retains all other PK-t features. List price — $209.95 

Extra I/O lines tor special applications. Amateur net - $179.95 


Power requirement: 9 to 15 Volts DC 4l 25 niA typical 
Dlmomlons; 4 6 X 5.9 X i 0 inches Total Weight: 12 02 s 


^ 215 


P'-ttU \ptaif Cll) Sign SSiD Humott Mi) H&o* Numb*! attlrnr^ 

Contact GLB tof additional into and available options 
iV«» oiler .1 complete line ol hannmithrr s and tecnhw*. strips, presetectot preamps 
CWID ets & synlhesitets tor amateur A commercial us* 

Request our FRl F£ catalog MC A Visa welcome 


CLB ELECTRONICS. INC. 

151 Commerce Pkwy., Buffalo,‘NY 14224 716*675*6740 9 to 4 



parts list 


1 CHmiMJ 1 . 

15*. 17', 19-22 

0.1,>F. 50 volts, 0.2-lnch CTC 

C5.6 

10 (if, 35-volt cloctrolytic 

C9,10 

r 000 , 1 f, 35-votl cloctrolytlc 

Cf?*. 14 *. 1618’ 

O.Oh-T, 500-volt disc 

05.6 

IN4002 200- volt PIN diode 

01-4 

1N9 14 diode 

J1 

Power connector 

R1.3 

10-k pot. 1/2-inch square, 1 turn (Bourns 3386W, I03K) 

R2,4 

50-k pot. 1/2-inch square, 1 turn (floarna 3386VV. 503K/ 

R5.8.9,12 

10-k , 1/4. wall 

R6.7,10,11 

22 -k. 1/4-watt 

R13.17 

i 2-to i/4-wair 

R14. 76.2 r.24.27.30 2.4-to 1/4-wall 

015 

68 ohms. 1/4-watt 

ftlfl. 19 

680 o/iws, f/4-waff 

R20\23'. 26*. 29' 

180 ohms. 1/4-watt 

R22' i 2$\28‘.3v 

39 ohms, 1/4-watl 

SWt 

DPS 7 (mimnfure) 

VI 

RC4558 dual op amp 

1/2.3 

LM319 dual comparator 

U4.5 

AD558 0-fo-A convenor (available from Analog Devices, 
floulo 1. Industrial Park. Box 280. Norwood. MA 02062) 

U6\7\8\9* 

MOC3011 optoisolator 

UtO\ 11 \ 12', 13 * 

TIC226B Kmc 

Vftl 

7612 voltage regulator ( 12/ 


7912 voffaqe regulator (~12) 

Green LED 

JIL222 

Red LED 

TIL220 

Cabfo 

10-conductot multicolored (5 loot) 

Transformer 

11.0- to 15-volt ac. wall mounted 

Auto Irak pc board 

Available from NH Entorpnses, 22104 66lh Avenue Wesf. 
Mountlakc Terrace. tVas/Nngfon 98043 

Parts needed tor computct-roady controllers; 1/6-9, Opxoisolnton (TILt 13); 4 

2N7000 FETIingtons. 

(*) designates parts lo be omitted tn computer-ready contiollor. 


ments. The actual circuit used to interface to your 
rotor system depends on what kind of rotor you use. 
Most small rotors use ac motors, so an optoisolator 
triac driver such as an MOC 3011 and triacs are used. 
This acts as a remote ac switch for the rotator motor. 
However, by using TIL113 optoisolators and 2N7000 
FETIingtons (in which FETs are substituted for a 
Darlington transistor pair) the board acts like a low- 
power on/off switch to ground so that computer- 
ready rotors can be controlled. If you need more volt¬ 
age or current to be controlled, just substitute power 
MOSFETS such as the IRF 520 series fpr the FET¬ 
Iingtons. 

Voltage for the board is provided by a simple dual¬ 
voltage I + 15 and - IBFvolt supply using inexpen¬ 
sive regulators and powered by a small 11.0- to 15-volt 
ac transformer that plugs into a wall outlet. * A switch 
is employed to disconnect voltage to the optoisola¬ 
tors, thus disabling the board when manual control 
of the rotor controllers is desired. 

ESD caution 

As in all such projects, it's important to minimize 
the possibility of electrostatic discharge (ESD) dam¬ 
age to components. The AD558 D-to-A converters are 
quite expensive, and also sensitive to ESD damage, 
so take the appropriate precautions. (One friend covers 
his work area with aluminum foil before starting a proj¬ 
ect.) When handling the AUTOTRAK board, try not 
to touch the end that plugs into the computer; the 
"fingers" go directly to the AD558s. 


* NS 1 2 volt regulators and a 12 volt ac transformer may be substituted 

if more readily available, 


16 


December 1987 











building the board 

Assembling the board is straightforward. The C-64 
and VIC-20 AUTOTRAK boards are identical except 
for the computer connector. For those of you who are 
making your own boards from the supplied artwork 
(see figs. 2 and 3), there are two things to remem¬ 
ber: first, unless your boards have through-hole plat¬ 
ing, you must supply the through hole connections 
with a wire placed in the through holes and soldered 
on both sides; and second, any trace to component 
connections on the top of the board must be soldered 
on top of the board rather than on the bottom. 

I use the "layer" method when assembling the 
boards. First 1 insert the shortest parts, normally the 
resistors and diodes, and cover them with something 
flat and stiff {like a piece of corrugated cardboard). 
Holding this "sandwich" together, 1 turn the board up¬ 


side down, leaving the component legs sticking up, 
ready for soldering. After soldering, I clip the leads and 
move on, inserting the next tallest group of parts such 
as ICs, small capacitors, and variable pots. The switch, 
LEDs, filter capacitors, and the input power connec¬ 
tor are mounted last. For parts placement and orien¬ 
tation, see fig. 4. 

Note that the voltage regulators are installed upside 
down (metal side up) in order to conserve board space. 
After mounting the variable pots, turn them to the cen¬ 
ter of their range to prevent confusion later, during 
testing. When installing the electrolytic capacitors, 
make sure their polarity is correct. 

All components are mounted on the top of the 
board except C20-C22. Keep the leads on these capac¬ 
itors short because they're used to shunt to ground 
any noise or ac voltage, which might confuse the oper¬ 
ation of the comparators. Each of the four LEDs 
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should be mdunted with its flat spot towards the edge 
of the board. If there's no fiat spot, note the length 
of the mounting leads and mount the shorter one to¬ 
wards the edge. No cuts or jumpers ore necessary 
when assembling the standard ac motor version of the 
board. 

Differences for the computer-ready version concern 
only the output circuitry (fig. 5). Everything else stays 
the same. See fig. 5(B) for parts changes arid fig. 20 
for the six cuts and various jumpers needed. All cuts 
are made on the bottom side of the board and are eas¬ 
ily accornpHshed with an X-acto M ' knife or equivalent. 
Jumpers can be mounted from the top or bottom side 
of the board, but should not be run over an exposed 
trace unless they're insulated. Don't forget the 1-15 
volt lead to pin 5 of each of the. TILT 13s. and watch 
the lead placement of the 2N7000s. (See fig. 4(B).) 

After the board is completely assembled, give it a 


careful visual inspection, especially for solder shorts. 
Are the part values correct? Are the solder connec¬ 
tions smooth and shiny? Did you miss any? Is the 
polarity correct on the electrolytic capacitors and 
diodes? Are the LEDs mounted with their flat sides 
toward the edge of the board, and the voltage regu¬ 
lators upside down and bent over? How about the 
three 0.1 -/iF capacitors mounted across the pins of the 
LM319s on the bottom side of the board; did you for¬ 
get them? All correct? Great — let's move on. 

preliminary testing 

Be sure to test your work before you plug the 
AUTOTRAK board into your computer and before run¬ 
ning any wires to-your rotors. First verify that the four 
variable pots are somewhere in the middle of their 
ranges. Next turn on the enable switch (with the han¬ 
dle toward the top edge of the board) and connect 
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the 15-volt ac input power to the ac power connector 
(J1). Make sure one of each color LED is lit. If they're 
not, remove the ac power and recheck the parts, their 
orientation, and their solder connections before pro¬ 
ceeding. If everything looks all right, reconnect the ac 
and check the output of the regulators for + and -15 
volts. 

If the voltage is correct but the LEDs still don't oper¬ 
ate correctly, check to confirm that either pin 7 or 12 
of the LM319s is near 14 volts. If neither is, check the 
polarity of the LEDs. If both pins are near 14 volts, 
look for trouble in the LM319 circuitry. When the LEDs 
operate correctly, you're ready to proceed. The oper¬ 
ation of the D to A converters, op amps and triacs will 
be checked later. 

To complete the board, connect the 10-wire (or 
8-wire for the computer-ready version) multicolored 
rotor interconnect cable and mount two 5/8-inch rub¬ 


ber feet (or equivalent) to the rear holes of the board 
for support. 

rotor preparation 

Unless your rotors are the new computer-ready 
type, you may need to make a small modification to 
allow access to both sides of the direction switches. 
Note figs. 6 and 7, then consult the schematic in your 
rotor manual and identify the following: the line from 
the rotor head to the controller used for sensing direc 
tion, the ground return for the sensing line, and the 
direction switch lines. 

Identify the ac common wire from the transformer 
to the rotor direction switches; if it isn't brought out 
to a terminal, the controller wiring must be modified 
to allow access (see fig. 7). Wire it to an unused ter¬ 
minal at the rear of your controller if one is available, 
or supply one to which it can be attached. An alter 
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native would be to wire in a multiwire "pigtail" to your 
controller with a connector so that the AUTOTRAK 
wires can be disconnected. 

You'll also need to check the voltage of your rotor's 
sense lines. The AUTOTRAK board can work with 
sensing lines between 0.5 and 9.5 volts. If the voltage 
is higher, a simple voltage divider {see fig. 8) can be 
built into the board to bring it to about 8 volts. If the 
voltage is less than 2 volts, remove the short across 
JP1 (see fig i for location) with an X-acto® knife and 
install JP2, using a small piece of wire. This changes 
the maximum output of the D-to-A converter to ap¬ 
proximately 2.5 volts, where your low-sensing voltage 
can be more easily matched. 

calibration 

Calibration should be done one rotor at a time, start¬ 
ing with bearing. Turn your computer off. Then plug 


the AUTOTRAK unit into the expansion port. Turn 
your computer on, connect the ac to the board, and 
turn on the enable switch. On the rotor controller, lo¬ 
cate the direction-sensing voltage terminal and its 
ground return line (or the equivalant pins on a com¬ 
puter-ready rotor) and connect the wires from J3, pins 
1 and 2 respectively, to them. Using its controller, 
move your rotor to its ccw end. Now type in the fol¬ 
lowing POKE command for the C-64: POKE 56832,0 
(for the VIC-20, use POKE 39936,0) and press RE¬ 
TURN. Notice the green LEDs; one should be lit. Ad¬ 
just R1 (the leftmost pot) back and forth. You should 
find you can light either green LED, with a neutral 
spot, or window, showing between them when neither 
is lit. If adjusting R1 causes both LEDs to light, it may 
be that you have too much noise (or ac ripple) on the 
sense line from your rotor. Try putting a 10- to 100-^F 
cap between the sense line and ground (see fig. 9). 
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Adjust R1 to the center of the window. If this can't 
be done, check for these conditions: U5 {the azimuth 
D-to-A converter) pin 14 should be at or near zero 
volts; the input sense line from your rotor should also 
be near zero volts; correspondingly, U1 {the inverting 
op amp), pin 1 should be near zero volts or slightly 
negative and somewhat adjustable by R1. The POKE 
value mentioned above sets the output of U5 to zero. 
The ccw end of rotor rotation should be the low- 
voltage end. R1 sets the op amp to match the output 


of U5, but with opposite polarity. When these condi¬ 
tions are met, you're ready to proceed. Move the ro¬ 
tor manually to its cw end, enter POKE 56832,255 
{POKE 39936,255 for the VIC-20) and press RETURN. 
Again, one green LED should light. This time, adjust 
R2 {the second pot from the left) to the window where 
neither LED is on. This adjusts the cw end of rotation. 
If you can't find a window, check U5 pin 14 for ap¬ 
proximately 9.5 volts {the maximum output of the D- 
to-A converter); U1 pin 1 should be adjustable by R2 
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fig. 4B. VIC 20 parts placement diagram: output changes for computer-ready version. 


to a negative value matching this voltage. Because 
there r s some interaction between adjustments, it's im¬ 
portant to repeat the calibration steps at least twice. 
You may want to make these adjustments with the 
rotor positioned several degrees in from the extreme 
ends to allow some slack for changes due to time 
and/or temperature. 


Now you can connect the wires to the direction 
switches. Be careful to hook them up correctly and 
use POKE commands to verify that they rotate in the 
correct direction. Reverse them if they seem to oper¬ 
ate backwards. 

To hook up the elevation rotors, use the same pro¬ 
cedure as with the azimuth rotor, but connect the 
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fig. 5. AUT0TRAK output circuit: IA) for ac motors (standard configuration); (B) for computer-ready rotators. 


wires to J2 and follow these POKE commands: for 
down (horizon), use POKE 57088,0 (POKE 38912,0 
for the VIC-20) and for straight up (90 degrees), use 
POKE 57088,127 (POKE 38912,127 for the VIC-20). 
Adjust R3 (the second pot from the right) for zero- 
degree adjustment and R4 (the rightmost pot) for the 
90-degree adjustment. Watch the red LEDs this time. 

quick check 

Here's a quick calibration sequence for checking or 
occasional recalibration. 

•Azimuth: 

POKE 56832,0 (39936,0 for the VIC-20). 

















































































Adjust R1 for both green LEDs out with rotor at ccw 
end. 

POKE 56832,255 (39936,255 for the VIC-20). 
Adjust R2 for both green LEDs out with rotor at cw 
end. 

• Elevation: 

POKE 57088,0 (38912,0 for the VIC-20). 

Adjust R3 for both red LEDs out with rotor at 0 
degrees (horizon). 

POKE 57088,127 (38912,127 for the VIC-20). 
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fjg. 8. Add simple voltage divider if sense line is more 
than 9 volts. 
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fig. 9. If both LEDs come on at the same time (noise on 
sense iinel, add a 10' to 100-/iF capacitor across termi¬ 
nals at rotor controller. 



Photo A. Top view. VIC-20 (left) and C*64 (rightl AUTOTRAK 
boards. 15-volt wall-mounted transformer is shown at upper 
right. 


10 REM MANUAL AUTOTRAK PGM BY NEIL HILL, K7NH 
20 PRINT » MANUAL AUTOTRAK MODE" 

30 PRINT "ENTER AZIMUTH (0 TO 353), PRECEDE WITH B" 

40 PRINT » EXAMPLE: B0, B45, B335" 

50 PRINT » OR ELEVATION (0 TO 90), PRECEDE BY E» 

60 PRINT '» EXAMPLE: E0, E45, EB7" 

70 PRINT 

80 INPUT AD$: AD=VAL( MID$(AD$ ,2)): IF LEFTS(AD$,1)="E" THEN 130 

90 IF LEFTS(AD$,1)<>"B" THEN PRINT "PRECEDED BY B OR*E? TRY AGAIN": GOTO 80 

100 IF AD>=360 THEN PRINT "AZIMUTH 0 TO 359? TRY AGAIN”: GOTO 80 

110 AB=(180+AD)".71: IF AB>255 THEN AB=AB-255 

120 POKE 56832,AB: PRINT "OK": GOTO 80 

130 IF AD>90 THEN PRINT "ELEVATION 0 TO 90? TRY AGAIN": GOTO 80 
140 AE = AD*1 .4: POKE 57088,AE: PRINT "OK": GOTO 80 

fig. 10. Program for manual operation of AUTOTRAK using the C-64. 
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Photo B. Bottom view. VIC-20 and C-64 AUTOTRAK boards. 
Note two 0.1-k capacitors mounted across pins of LM319 
comparators. 


Adjust R4 for both red LEDs out with rotor at 90 
degrees (straight up). 

Warning: always turn the enable switch OFF when 
the AUTOTRAK board is not in use . If for any reason 
the computer goes oft ‘ the board will have no control 
and will automatically drive your rotors to one end , 
leaving the rotor windings energized while trying to 
find the window . This could eventually damage the 
windings of the motor. 

software 

The program lines that need to be added to the "real 
time" section of your program are very simple. You 
take the desired azimuth, multiply it by 0.71 to make 
it fit into the range 0 to 255 (as high as you can count 
using 8 bits) and POKE it to address 56832 (39936 for 
the VIC-20). It would look like this: 

BG = AZIMUTH *.71 

POKE 58832,BG 

Use 39936 instead of 56832 for the VIC-20. 

This will work very well for rotors that turn clock¬ 
wise from north to north again. However, most are 
set up to travel from south to south, so a 180-degree 
offset is needed. For a south-tosouth rotor, the pro¬ 
gram lines look like this: 

BG = (180-f AZIMUTH)*.71: 

IF BG >255 THEN BG = BG-255 

POKE 56832,BG 

Use 39936 instead of 56832 for the VIC-20. 

For elevation bearing, simply multiply your eleva¬ 
tion by 1.4 and POKE it to 57088 (38912 for the 
VIC-20). This gives you a number between 0 and 127 
for horizon to straight up, and provides enough ac¬ 
curacy and some safety; in case a number as high as 
255 were accidently POKEd, your antenna would move 
only to the far horizon, not through the roof. The pro¬ 
gram lines should look like this: 

EL=ELEVATION*1.4 

POKE 57088,EL 

Use 38912 instead of 57088 for the VIC 20. 


A brief but complete program for manual operation 
of AUTOTRAK using the C-64 is shown in fig. 10. 

boards available 

Readers who would like to build the AUTOTRAK 
modules but don't want to make their own boards may 
order them from me. For $20 each, I'll provide high 
quality glass epoxy double-sided printed circuit boards 
with plated-through holes and full assembly instruc¬ 
tions. I also have assembled and tested boards as well 
as world map-style tracking programs for the C-64 and 
VIC-20 (expanded and unexpanded) that work in real 
time and are designed to operate the AUTOTRAK 
boards. The SUPER VR85 mentioned earlier is avail¬ 
able from RLD Research. For information on any of 
these items, please write to me at the address given 
at the beginning of the article. 
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weekender 


a RAM drive for 
packet radio 


Like many Amateurs, I've been spending more time 
at my computer and less time on the hf or VHF bands. 
Because packet radio looked like a way to combine 
both interests and enjoy both activities, I recently pur¬ 
chased a used Heathkit model HD-4040 TNC and 
decided to try packet radio. 

There are times when I found myself missing trans¬ 
missions, however — or on other occasions, having 
to wait for activity to pick up. One solution to these 
problems, I concluded, would be to capture the pass¬ 
ing packets onto a disk file and read or print the con¬ 
tents later. But I had no need to fill up floppy disks 
with transient files; all I wanted was a way to collect 
and read packets monitored by the computer when 
I couldn't be there. 

A better way, I found, is to divide my random access 
memory (RAM) into two sections: a storage area 
(called a RAM drive) and a free section that remains 
available to the terminal program. I send packets to 
the RAM drive for storage and read them periodical¬ 
ly. One recent 90-minute collection session resulted 
in the creation of a 20K file for my review. 

My frequency-synthesized 2-meter transceiver is 
connected to the TNC by two cables: one provides 
audio input and the other enables the microphone con¬ 
nection. The terminal unit contains an internal program 
(AX.25 protocol) to run the packet receive and pack¬ 
et transmit features for the system. A third cable runs 
from the TNC to my computer's RS-232 connector 

By Thomas M. Hart, AD1B, 54 Hermaine 
Avenue, Dedham, Massachusetts 02026 
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(the serial port); the computer acts as a terminal for 
the packet system. 

The computer itself requires a terminal program to 
permit the computer to "talk" to the TNC; 1 selected 
ProComm, a "shareware" program with outstanding 
features. ProComm has many functions, including one 
that writes information to a designated file on disk or 
in RAM for future use. 

A RAM drive disappears when the power is shut off; 
this is not a concern because 1 use the RAM drive only 
for capturing information when the system is running 
and I can't be there. If I need to save a file, it's easy 
enough to copy the data to one of the regular disk 
drives. 

My RAM drive system is running on a Zenith com¬ 
puter, using MS-DOS version 3.2. However, the same 
basic approach should work on a wide range of com¬ 
puters using DOS 2.0 or above. Some older versions 
of MS-DOS may not have a RAM drive file; if yours 
doesn't, you should be able to obtain one from any 
users' group. 
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customizing the RAM 

The steps I took in customizing a RAM drive are 
described below; you should be able to follow the 
same approach on your own system. 

My ProComm working disk is self-booting. An 
AUTOEXEC,BAT file starts the program. A CONFIG.¬ 
SYS file on the disk consists of a single line: 
DEVICE = VDISK.SYS. 

This cryptic statement sets up the RAM drive when 
the computer is booted. 

The following statement appears when my com¬ 
puter starts up: 

Microsoft RAMDrive version 3.2 VIRTUAL 
*disk c: 

Disk size: 256 KB 
Sector size: 256 bytes 
Allocation unit: 1 sectors 
Directory entries: 64 

If you've never prepared a CONFIG.SYS file, the 
process is simple; just place the terminal program in 
the default disk drive. When the DOS prompt appears 
on the screen, enter the following commands: 

A> COPY CON CONFIG.SYS (RETURN) 
DEVICE = VDISK 256 256 (RETURN) 

F-6 (FUNCTION KEY 6) 

These simple steps will create a new file on the termi¬ 
nal emulation disk. If you want to check the file, do 
the following: 

A>TYPE CONFIG.SYS (RETURN) 

The contents of the file will be printed on the screen 
and should state: 

DEVICE-VDISK.SYS 256 256 
Copy the file VDISK.SYS from your DOS disk 
(probably on disk 2) to the terminal disk. This is the 
RAM disk program, which is installed by the newly 
created CONFIG.SYS file when the computer is 
booted. * 

With the terminal program still in the default drive, 
reboot the system. This will start the program normally 
and set up the RAM drive in the process. 

When the packet system is running, use the com¬ 
mand that your program requires to write information 
to a file (i.e., the file download command). In 
ProComm, the commands are: 

PAGE-DOWN (start download) 

ASCII FORMAT (create text file) 

ENTER FILE NAME (I use C:\P) 

These few steps will send all packets that the system 
monitors off to a single file (P) on the RAM drive (C:\). 
You'll find the system very convenient for passive 
packet monitoring, and there'll be no reason to miss 
any of the action in your area. 
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“America’s Weekly Guide to Satellite TV” 

The best in satellite program¬ 
ming! Featuring: ★ Over 120 
Channels listed ★ Weekly, 
Updated Listings ★ Magazine 
Format ★ Complete Alpha¬ 
betical Movie Listings 
★ Sports Specials ★ Prime 
Time Grids ★ Specials 
★Programming Updates! 

• Only $45.00 per year (52 weekly issues) 

• 2 Years $79.00 (104 weekly issues) 

• $1.00 for sample copy 

"NO Residents must add 5% Sales Tax 

Subscribe Today! 

call toll free 1-800-234-0021 

Visa* and MasterCard* accepted 

OnSat PO Box 2347 Shelby, NC 28151-2347 
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The new STV Guide con¬ 
tains valuable information on 
zoning regulations, scram¬ 
bling, plus technical tips for 
installing or updating a satel¬ 
lite system—and now a pre¬ 
cise monthly guide to satel¬ 
lite TV with the latest pro¬ 
gram listings for over 90 
channels! 
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All this in each complete issue of STV Guide! 


• Only $48.00 per year (12 monthly issues) 
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design an amplifier 

around the 3CX1200A7 


Try this logical approach 
for correct operation 

The 3CX1200A7 high-/* triode was introduced about 
three years ago by the Salt Lake City division of Vari- 
an/EIMAC* as an extension of a series of zero-bias 
tubes of the kilowatt variety. Used predominantly in 
grounded-grid applications, the '1200 owes its elec¬ 
tronic design to the 3-1000Z, which is its direct ances¬ 
tor. It is a new type, however: air-cooled, possessing 
slightly different electrical characteristics, but offer¬ 
ing increased plate dissipation. Its most notable differ¬ 
ences are the anode construction and the resulting 
increased inter-electrode capacitances. Also, its max¬ 
imum rated plate voltage is 500 volts less than that of 
the 3-1000Z. 

I bought one of these tubes during the initial EIMAC 
sales promotion. What follows is a summary of the 
results of my efforts to generate, for my personal use, 
design methods for the 3CX1200, as well as for other 
tubes. Approximately two years of intermittent work 
were dedicated to this project. 

In addition to the published tube characteristics, 
several aids are available to help designers; some of 
these were used in the preparation of this work. 12 
The methods and numbers were transformed, drasti¬ 
cally in some cases, without affecting either their con¬ 
tent or their applicability. In their places are a few 
BASIC programs and several figures that greatly re¬ 
duce the amount of effort necessary to complete a de¬ 
sign. Graphs are presented for those without access 
to a personal computer. 

how do we start? 

Initially, the following five parameters must be de¬ 
termined: drive impedance and drive power, dc plate 
current and power input, PEP output, plate dissipa¬ 
tion, and plate load resistance. Later, well determine 
air cooling requirements, input matching circuits, and 
output matching circuits. 

*Varian EiMAC, 1678 Pioneer Road, Salt Lake City, Utah 84104. 


Figure 1 shows a stylized version of the constant- 
current curves supplied by the manufacturer for de¬ 
sign purposes. Representative of all curves of the type, 
it provides information we can use to make very good 
estimates of operating parameters. Reference 2 pro¬ 
vides the standard expressions for them. For "two- 
tone" conditions, the most important approximations 


are: 

dc plate current, f /, = 2i p /n 2 , ( 1 ) 

plate input (watts), P, n - 2i p E( } /i\ (2) 
average output (watts), P n = i p e p /S f (3) 

PEP output (watts), P <} = i p e p /4, and (4) 

plate efficiency, E f f - (e p /E} ) )(it/4) 2 . (5) 


I Two-tone calculations, which appear throughout 
this article, are more representative — though not pre¬ 
cisely — of single-sideband voice operating conditions. 
In any event, the PEP output is the same for both two- 
tone and single-tone conditions. 

Figure 1 shows that the points i p and Q are at op¬ 
posite ends of a load line. Q represents the quiescent 
condition of no drive. Therefore the plate voltage is 
exactly the supply voltage, £/,. The value of the quies¬ 
cent plate current is also determined. At the other end 
of the load line is the point i p , representing the maxi¬ 
mum instantaneous plate current (i p ), the minimum 
instantaneous plate voltage E m j n , and the peak grid 
voltage. The positions of these points are arbitrary; 
the plate supply voltage is what you have available, 
and the peak plate current (i p ) is your choice. The lat¬ 
ter affects the plate load resistance, drive power, drive 
impedance, PEP output, and virtually everything else 
of consequence. 

The dc plate current may be estimated by the use 
of eqn. 1. Equations 2 through 5 will yield other es¬ 
sential numbers. The grid current, however, isn't 
usually available from the curves. It can be calculated 
by using the EIMAC Tube Performance Computor 3 or 
by calculating the transfer curve up the load-line and 
then integrating the grid current. 

By W. J. Byron, W7DHD, P.O. Box 2789, 
Sedona, Arizona 86336-2789 
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Neither the transfer curve nor the grid current cal¬ 
culations, which were done on a personal computer, 
are obvious in the text. I've tried to produce a simple 
design method that will assure safe operation of this 
expensive tube if these voltages, currents, and drive 
power requirements (and restrictions) are met. In the 
preparation of the graphs and programs included, I 
first performed an integration up the worst-case load- 
line. As a result, I've limited the minimum plate volt¬ 
age to 500 volts; because this limitation is essential 
to the protection of the grid, it must remain. Thus the 
designs developed from this article will always yield 
less — though not much less — than the absolute 
maximum power available from the 3CX1200A7. It's 
still possible to achieve considerably more than the 
maximum legal Amateur power output with relatively 
low plate-supply voltages, yet operate in a safe, con¬ 
servative manner. 

Figure 2 shows a BASIC program for solving eqns. 
1 through 5, as well as others. It contains two loops, 
one of which is nested. The outer loop steps the plate 
supply voltage from 4000 volts to 2500 in steps of 
- 500 volts. The inner loop steps the max i p from 1.0 
to 2.5 amperes in steps of 100 milliamperes. Thus, as 
shown, it will produce four tables, each with 16 lines. 
One table (or "panel") is shown in fig. 3. It was print¬ 


ed singly by changing line 10 to read, "FOR EB = 
4000 TO 4000". Great latitude is allowed in the loop- 
control (FOR-NEXT) statements. Plate supply voltage 
may be stepped in units of -500 (as shown), -250, 
or even - 100 volts. Each step will produce one pan¬ 
el, The plate instantaneous maximum current may be 
stepped in units as low as 1 milliampere. Adjust them 
according to your needs, but keep the plate voltage 
at 4000 volts or less, and keep i p equal to or less than 
2.5 amperes. Leave E mm at 500 volts. 

The reasons for the restrictions are two-fold. First, 
in order to keep these BASIC programs simple, all 
programming "traps" were omitted. Steps that would 
prohibit plate voltages over 4000, and plate currents 
of over 2.5 amperes, for example, would only compli¬ 
cate the programs; while they're necessary in other 
circumstances, they probably aren't appropriate here. 
The other is that the maximum values are those which 
have been established by the work described earlier. 

By selecting an appropriate plate supply voltage, the 
program will produce 16 lines that list all data consis¬ 
tent with that voltage. One hundred watts drive at a 
plate voltage of 4000 predicts a PEP output of approx¬ 
imately 1800 watts — see fig. 3. The data for exactly 
100 watts drive fall between the i p values of 2.00 and 
2.10 amperes. If you want a more precise answer than 
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5 REM SAVED AS 1200B 

10 FOP EB * 4000 TO 2500 STEP 500 

20 EM * 500 

40 LPRIWT” 3CX1200A7 TWO-TONE; EB =";E8;“ Volts” 

41 LPR lNT'• GROUNDED GRID” 

50 LPR I NT" Emm. = " ; EM ; “ Volts” 

60 IF EB >* 35 00 THEN LPRI NT" (Fixed Bias = 16 Volts)" 

70 IF EB > = 3000 AND EB<3500 THEN LPRI NT” (Fixed Bias=8.2 


00 IF EB > = 2500 AND £B<3000 THEN LPRI NT" 


(Flxed Bias = 0 
(2ero Bias) 


Volts) 
Volts ) 


lb 

Amps 


DC in 
Watts 


PEP 

Watts 


Pi Dis. 
Wat t s 


RL" 

Ohms ” 


90 IF EB < 2500 THEN LPR1 NT” <2ero Bias) 

100 LPRINT”-” 

110 LPRINT” ip 2 1 Pd rive ep lb DC m PEP Pl.Dis. RL" 

120 LPRINT” Amps Ohms Watts Volts Amps Watts Watts Watts Ohms” 

130 LPRINT"- - - - - - - - -" 

140 FOR IP =1' TO 2.5 STEP .1 

150 IF EB =>3500 THEN EK = 51 ■ -4.16666» IP + 20* IP~2-3 . 3333** I P A 3 

160 IF EB> = 3000 AND EB<3500 THEN EK = 43.2 -4. 16666#IP+20*IP''2-3.3333»IP''3 

170 IF EB> = 2500 AND EBOOOO THEN EK = 43.2 -4.16666* 1P+20# I2-3.3333* I P~ 3 

180 IF EB <2500 THEN EK = 35« -4. 16666* I P* 20»IP~2 - 3.3333*IF~3 

190 PI=3 . 14 159 

200 IB = 2»IP/(PI~2> 

2 ID EP = EB-EM 
220 PFT = EK» 1 P 7 4 

230 PEP =<IP«EP/4)+PFT 
240 ETTA = ( EP/EB) a ( P [ / 16 ) 

250 ZI = 2»EK/IP 

260 RL « 2»EP/IP 

270 PD = EK~2/Z2 

260 W1 = IB*EB 

290 DIS = (Wl)»<1-ETA) 

3 00 A$= "tilt. It It H.ttH It tit* It It . M tt »**«.* KMtM4.lt tMMttt.lt tttMttt” 

310 LPRINT USING At;2P;Z1;PD;EP;IB;WI;PEP;D1S;RL 
320 NEXT IP 

3 30 LPRINT”-" 

340 LPRINT" Note: Overall Plate Efficiency is ";INT<l000D*ETA)/100;~ per cent." 

360 LPRINT" Drive feed-through is added to PEP out." 

400 LPR1NT:LPRINT 
410 NEXT EB 
420 END 

fig. 2. BASIC program solves eqns. 1 through 5, plus others, producing tables of tube 
operating parameters. 
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3CX1200A7 TWO-TONE; EB = 4000 
GROUNDED GRID 
Emin. = 500 Volts 

(Fixed Bias * 16 Volts) 


Volts 



Note: Overall Plate Efficiency is 53.97 per cent. 

Drive feed-through is added to PEP out. 

fig. 3. Example of the output of the BASIC program of fig. 2. 
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these, change line 140 to read, "FOR ip = 2.0 TO 
2.1 Step .01". Then you'll get one panel with eleven 
lines, representing conditions for drive powers from 
96.0 to 104.56 watts. Remember that the supply volt¬ 
age is a "loaded" value; that is, the plate voltage under 
load. Typically, it will be between 5 and 10 per cent 
below the no-load value. 

A prospective builder probably has only a few fac¬ 
tors under control at the outset of a design. He has 
the tube, an exciter, a power transformer or a power 
supply, and maybe a surplus centrifugal blower. He 
therefore has only two pertinent inputs; plate-supply 
voltage and drive power. It's possible to rearrange the 
program to accommodate only those two inputs. 

While the program shown in fig. 2 can do all that's 
necessary, it was modified so that those two factors 
are the only inputs; fig. 4 lists that program. First it 
requests "PLATE SUPPLY VOLTAGE," and "MAX 
DRIVE POWER." It then begins with an i p of 1 am¬ 
pere and incrementally steps the value, in this case 
by 5 milliamperes, and calculates Z\ and Pg (drive im¬ 
pedance and drive power). It then compares the cal¬ 
culated Pq until it's in a "window" of A ±0.5 watts 
width, where A is the exciter drive power. When this 
is reached, it then performs all the other calculations 
and produces one panel with one line — the only one 
that meets the requirements of the inputs. Though it 
doesn't print a hard copy, one can be obtained by 
using the screen dump facility (mine is simply 
SHIFT/PRINT.) An example of the program output 
is shown in fig. 5. 

At this point it's very important to emphasize that 
although modern exciters are of the "100-watt PEP 
minimum" variety, many — and perhaps most — will 
exceed 100 watts PEP output. The programs above 
require that the designer know the charactistics of the 
exciter. It isn't good design if one enters 100 watts for 
the PEP drive power, when in reality it might be 120 
watts. Almost all exciters will deliver more PEP out¬ 
put under voice conditions than they will under "key- 
down" on CW. The leading cause of power-grid tube 
destruction is excessive grid dissipation. The most im¬ 
portant single instrument in an amplifier is the grid- 
current meter. 

completing the design 

The major difference between the '1200 and the 
3-10002 is in the cooling, another factor not yet faced. 
If you have a surplus blower in the shack, it's essen¬ 
tial to know beforehand if it will be sufficient. The best 
way to determine this is to test the blower in a sepa¬ 
rate measurement. 

Find a cardboard carton large enough to hold the 
tube, and sturdy enough to allow the blower to be 
taped onto the side. Cut a circular hole large enough 
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PEI 1 

Wt lit 


P J . Di * 

W4l \ t 


BL" 

Oh*t 


10 Rem saved as uoox 

20 lNPUT ‘PLATE SUPPLY VOLTAGE";EB 
30 INPUT "MAX DRIVE POWER" :A 
40 EM » son 

SO PR J NT* ....... 

60 PRINT' 3CX1200A7 TWO-TONE; E8 VolU' 

70 PRINT GROUNDED GRID' 

00 PRINT' E» in - « ';EM;‘ Volts' 

00 IF ES 3500 THEN PRINT’* (Fixed Bi«t * 16 Volts I" 

100 IF EB >*3000 AND Efi<3500 THEN PRINT" < Fixed Bias >0 2 VoH»i 

110 IF EB >*2500 AND EBOOOO THEN PRINT" (Fixed Btas = e.2 Vo 1 U > 

120 IF EB *: 2500 THEN PRINT" (Zero Bias) 

130 PRINT '-------" 

M0 PRINT' i p Zl Pd/ive *p tb DC in PEI 1 Pl.Dia. RL" 

150 PRINT" Appm OhM• Watt* Volta A»p» Watte Watt* Walt* Oh»t 

160 PRINT'.-- . .... .“ 

170 1P*1 

160 IF ES *>3500 THEN EX * Si* -4. 16666* IP*20*1P' K 2-3.3333»1P*3 

100 IF EB>*3000 AND EBC3500 THEN EX* 43.2 -4 . 16606-I P* 2 0-I P‘2 - 3 , 3 33 3* I f>‘3 

200 IF EB>c2SO£J AND EBOOOO THEN £X* 43.2 - 4 . 16666 * f P* 2 fl- I i - 3.3 3 33* IP ' 3 

210 IF EB <2500 THEN EK* 35* -4 - 16666a IP* 20* lP*'2-3 .3333“ IP" 3 

220 71 - 2-EXMP 

230 PU * EX*2/21 

240 I F PD-XA-.5) AND PD“ < < A * . S ) THEN 26 0 ELSE 250 

250 IP * 1P*.005:GOTO 160 

260 PI*3 14159 

270 IB * 2«|F/<P|-2» 

200 EP « EB-EH 

200 PFT * EX-IP/4 

TOO PEP * t lF»eEP/4>*PFT 

310 ETA « ( El 31 i EB >«<PT2*16> 

320 PL - 2 * EP/IP 

330 Wt * 1B*EB 

340 LIS r <W|>■<i-ETA> 

350 A*, .. in, a * HU I III tm I IIM.I ■■<« 

360 PRINT USING Af;1P; l 1;PD;EP;IB;Wl;PEP : DiS;PL 

370 PR I NT ' - --.....................--- 

380 PRINT’ Note: Overall Plate Efficiency i# " 1 NT* l 0000* ETA» MOO i " per cent. 

300 PRINT Drive feed-tbrough i« added to PEP out. 

400 PRINT: PRINT, 

410 END 

fig. 4. BASIC program modified to accept two inputs, plate supply voltage, and PEP 
drive power. 
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RUN 

PLATE SUPPLY VOLTAGE? 3250 

MAX DRIVE POWER 7 110 





3CX1200A7 TWO-TONE; EB = 3250 
GROUNDED GRID 

Emin. - 500 Volts 

iFixod 8ias-8.2 Volts) 

Volts 



ip 

2i Pdrive op Ib DC in 

PEP 

PI.Di * . 

RL 

Amps 

Ohms Watts Volts Amps Watts 

Watts 

Watts 

Ohms 

-*V w9- *«- 

2.255 

66.3 109,69 2750 0.457 1465.1 

160S.2 

710.0 

« ^ AA 

2439 

Note 

Ok 

: Overall Plato Efficiency is 52.19 par 

Drive feed-through is added to PEP out. 

fig. 5. Example of the output of fig. 4. 
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10 REM SAVED AS "AIR—4 M - WORKS FOR BOTH 3CX1500A7 (8877) AND 3CX1200A7 
20 PRINT"ENTER ’l 7 FOR 3CX1200A7 OR ’2’ FOR 3CX1500A7/8B77" 

30 INPUT "1200 OR 8877";A$ 

31 IF A$ <"1" THEN 30 

32 IF AS >"2" THEN 30 
35 IF AS = THEN 30 

40 INPUT "WHAT IS THE CALCULATED PLATE DISSIPATION (KW) M 5PW 
50 IF AS = "1" THEN 70 
60 IF AS = "2" THEN 80 

70 PD = -9.999991*.001+7.266617*.01*PW+,0S8*PW A 2+.149333*PW A 3:GOTO 100 
80 PW = PW*1000 

90 PD = .00031 *PW - 3.6*,0000001*PW A 2 + 2.8*1E-10*PW A 3 
100 INPUT "WHAT TEMPERATURE (DEGREES CELSIUS)"?T 

110 Q1 = .91502 +3.398895E-03*T + 2.980232E~08*T A 2 - 4.656613E-10*T A 3 
120 INPUT "WHAT IS YOUR ALTITUDE (FEET ABOVE SEA-LEVEL>" 5 A 
130 02 = .9999999 + 3.333335E-05*A + I.400004E—09*A A 2 - 1.33333E-14*A A 3 
140 H = INT(100*PD*O1*02+.5 >/100 

150 PRINT "THE MANOMETER READING AT THESE CONDITIONS IS";H;"IN. WG" 

160 END 
RUN 

ENTER 7 1 1 FOR 3CX1200A7 OR- 7 2’ FOR 3CX1500A7/8877 
1200 OR 8877? 1 

WHAT IS THE CALCULATED PLATE DISSIPATION (KW)? .710 

WHAT TEMPERATURE (DEGREES CELSIUS)? 50 

WHAT IS YOUR ALTITUDE (FEET ABOVE SEA-LEVEL)? 4300 

THE MANOMETER READING AT THESE CONDITIONS TS .18 IN. WG 

0 k 

fig. 6. BASIC program to calculate air differential pressure across tube anodes for both the 3CX1200A7 and the 3CX1500A7 
(8877). It is valid for temperatures from zero to 50 degrees C, and for altitudes from sea level to 15,000 feet. 


to hold the tube anode, but tight enough to hold the 
tube by friction alone. With masking tape, tape the 
tube in place. Now do the same for the blower. Tape 
all seams so that the system is tight. 

Make a water manometer using Tygon™ tubing of 
at least 3/16 inch ID. (Be sure to use tubing large 
enough to prevent a meniscus problem.) Push one end 
of the tubing into the box and tape it in place. Add 
one drop of food coloring for visibility, and one drop 
of liquid detergent to the water to aid surf ace-wetting. 
Then start the blower. The vertical difference between 
the two levels in the manometer is the 6P in inches 
w.g. If the levels don't return to zero differential after 
the blower is turned off, the measurement is proba¬ 
bly faulty, and you should find tubing of a larger di¬ 
ameter. 

The differential pressure required is a function of 
power dissipation, ambient temperature of the inlet air, 
and its density (altitude). Figure 6 shows a BASIC pro¬ 
gram that calculates the 6P for both the 3CX1200A7 
and the 8877. The solution is based on fig. 5 and my 
QTH, which is 4300 feet above sea level. An ambient 
temperature of 50 degrees C is conservative — and 
this should be the designer's goal. For 710 watts plate 
dissipation and an altitude of 4300 feet, the required 
differential pressure is 0.18 inches w.g. That's the mini¬ 


mum acceptable reading; because overcooling pro¬ 
longs tube life, I'd strive for 0.2 or 0.25 inches for this 
QTH. Don't accept anything less than the calculated 
number at your QTH. It is assumed — and essential 
— that the manufacturer's recommended socket and 
chimney be used. 

The manufacturer permits zero-bias operation of the 
'1200 even for plate supply voltages up to 4000. The 
plate quiescent power dissipation under this condition 
is 900 watts! See what that does to the calculations 
in the paragraph above. That is the main reason for 
bias voltages (Zeners) up to 16 volts in both programs 
and graphs. 

Figures 7, 8 and 9, derived from the programs, are 
included as guides for those without a personal com¬ 
puter. They're usable, provided the exciter PEP 
doesn't exceed the 110 watts specified in the figures. 

The hypothetical design in fig. 5 gives a cathode 
drive impedance of 86.3 ohms, a PEP output of 1605 
watts, and a plate load resistance of 2439 ohms (round 
off to 2440). These are for a drive power of 110 watts 
and a plate supply voltage of 3250. Now we can de¬ 
sign the input and output matching circuits. 

cathode drive circuit 

The calculations were all done for grounded-grid 
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operation. The computed drive impedance at the cath¬ 
ode is, for the example, 86.3 ohms. Since the 3CX1200 
is a filament-type tube, it requires a filament choke, 
and a hefty one at that, because the filament current 
is 21 amperes. The rule of thumb for such devices is 
that the reactance of the choke (a bifilar filament 
choke) must be no smaller than 5 • 83.8 ohms. As¬ 
sume about + j500 ohms at the lowest frequency con¬ 
templated; 86.3 ohms in parallel with +j500 ohms 
equals 83.8 + j 14.5 ohms, which is easily compen¬ 
sated by a Pi-section. The problem desolves to the de¬ 
sign of an impedance matching circuit that converts 
50 ohms to 84 ohms. I recommend a Pi-section with 
a G r of about 3.5. The reactance values appear in 
fig, 10. 

output matching 

The plate load resistance from the program is 2440 
ohms. There are many ways to match that to 50 ohms. 
The example worked out here will be the Pl-L, which 


is just what it implies: a Pi-section followed by an L- 
section. The Pi converts the resistance (or impedance) 
to an intermediate value, and the L further converts 
it to the desired 50-ohm load. The intermediate im¬ 
pedance (the junction between the L and the Pi) is, 
by convention, between 10 and 15 percent of the in¬ 
put impedance. A typical value would be 300 ohms. 
The attractiveness of the Pl-L is in that it has a series 
inductance in the output side, and provides greater 
harmonic attenuation than the usual Pl-section. 
Methods for designing both Pi- and L-sections are 
available from many sources. The reactance values for 
the Pi-L also appear in fig. 10. 

Harmonic attenuation, however, is greatly depen¬ 
dent on the Q of the tank circuit, no matter what type 
is used. It should be somewhere between 15 and 20 
for the lower frequencies, but because of distributed 
circuit capacitances it may be forced above 20 at, say, 
29 MHz. The reason is that the component capacities 
to ground (switches, busses, and coils) plus the out- 
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put capacitance of the tube itself frequently consti¬ 
tute the major part of the total input capacitance of 
the tank circuit. To give the tuning capacitor more con¬ 
trol over resonance, a higher Q usually is selected. Try 
a Q of 25 as a first guess for the 10-meter band. 

operation 

When the design is completed and the construction 
is nearly finished, I find that an additional step is ex¬ 
tremely valuable. For example: the design is based on 
a Q of 15 and a load resistance of 2440 ohms. But 
when a load (near 50 ohms) is placed on the output, 
it's possible to "load" the amplifier with many posi¬ 
tions of the input and output capacitors. Which ones 
are correct? 

The programs developed and the background work 
done require that the amplifier be operated according 
to design. There is only one value each for C ] and 
in the Pl-L tank that will assure that the plate is look¬ 
ing at 2440 ohms. There is an easy way — and a rela- 
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TOP CASE XT/AT LOOK ALIKE 
KEYBOARD 150 WAIT POWER 
SUPPLY COLOR GRAPHICS 
,ND CARD WITH RGB AND COMPOS- 
UP ITE OUTPUTS MULTI I/O CARD 
OF WITH TWO DISK DRIVE PORTS. 
/AT ONE PARALLEL PORT. ONE 
150 SERIAL PORT AND ONE SERIAL 
iAL PORT OPTION. ONE GAME PORT. 
ES CLOCK AND CALENDAR WITH 
OK BATTERY BACKUP TWO FLOPPY 
ITH DISK DRIVES DS DD 360K AND A 
T COMPOSITE MONITOR 


Hal-Tronix, INC. 

P.O, BOX 1101 DEPT. N hours ha*C 

12671 DIX-TOLEDO HWY i?«i.6 00ESTMo* Sai HAROLDC NOWLAND 

SOUTHGATE, MICH. 4B195 PHONE (313) 2B1-77 73 W 8ZXH 
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In the final 
analysis quality is 
less expensive 


Tin- unique design oi (lit- XF-706-LfS antenna system give*, you MONOBAND I’LH 
FORMANCK in a Muitiband beam. The antenna USfiS .VO THAJ’Soi loading coils that 
ml) power and limit bandwidth Sommer Antenna*. use the FULL surface area of the 
elements on ALL hands 

Our commitment to use only the finest materials insures Om! your investment will last 
for years. Our system uses a Double rectangular boom, CAST aluminum element 
mounting brackets, all stainless hardware ami a high power Katun 

Manahond performance on a Multiband beam is yours when you move up to Sommer 
the last beam you'll have to buy We believe Sommer is your (rest antenna value when 
compared to the construction and performance of other multi and imuioband antenna 
systems 
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Z Q * 50 OHMS 


fig. 10. Input, output, and cathode partial circuitry. The reactance values shown are the ones necessary to meet the design 
conditions specified in the text and in the figure. 


looking at 2440 ohms. There is an easy way — and 
a relatively precise one — to determine beforehand 
what these are. 

A method I have used for years requires only a noise 
bridge and some carbon (non-inductive) resistors. 
Series-parallel combinations are perfectly acceptable. 
First, balance the noise bridge with a 50-ohm resis¬ 
tor. Then, without touching either the R or X knobs 
(leave the bridge at the balance position), connect the 
"Unknown" port to the output of the amplifier. Tem¬ 
porarily connect a 2440-ohm resistance from the plate 
to ground. Adjust C1^ and C22 until the bridge is again 
balanced. Those are the correct settings for the am¬ 
plifier during operation. Mark their position on the dials 
or the panel. Just so that there's no misunderstand¬ 
ing, leave all amplifier voltages off during this test! The 
same methods are very useful in adjusting baluns, 
transmission-line transformers, and transmatches — 
which I recommend using no matter what is on the 
other side of the transmatch. If the amplifier is look¬ 
ing at something other than 50 ohms, the measure¬ 
ments, regardless of how carefully they've been made, 
mean very little. 


conclusion 

The programs and methods presented here are sim¬ 
plified versions of those I've developed over the past 
two years or so, but which are too complicated to be 
presented in full. The 3CX1200A7 is a new tube type 
that is of interest to Amateurs, and the simpler pro¬ 
grams offer a way to help interested hams to do some 
design work of their own. I've also described some 
techniques (fan-testing and the pretuning of an am¬ 
plifier) which should be useful in other projects. I built 
an amplifier about six years ago that used a variometer- 
type link coupling. If it weren't for the special use of 
a noise bridge, I would never have been able to deter¬ 
mine for certain where the proper load conditions 
were. I hope these hints and techniques will be useful 
to you, too. 
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1. Amateur Single Sideband, Ham Radio Publishing Group, Greenville, New 
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2. "Care and Feeding of Power Grid Tubes," Laboratory Staff, Varian ElMAC, 
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3 "Tube Performance Computor (or their specific brochure title)," Bulletin 
No. 5, Varian ElMAC, 301 Industrial Way, San Carlos, California 94070. 

ham radio 



42 


December 1987 






PRACTICALLY SPEAKING 


LO 



AMPLIFIER 


5IGNAL GENERATOR 

RF_ 

DOUBLE 

BALANCED 

MIXER 

i-f 

LOW - PASS 


2-400MHj 



FILTER 




fig. 1. Low-frequency signal generator block diagram. 
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fig. 2. Attenuator helps isolate D6M from load variations. 
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generating low i-f 
frequencies from an hf 
signal generator . 

Like many Amateurs, I own several 
older signal generators that were once 
used in engineering laboratories, pro¬ 
fessional service shops, or mainten¬ 
ance repair organizations (MROs), and 
other places where high-quality rf 
signal sources are needed. Mine was 
traded from a local Amateur for a 
broken SB-34; he'd rescued it from the 
dumpster in back of our engineering 
school. That old Measurements Model 
80 still has plenty of life in it, and works 
a lot better than some of the cheap sig¬ 
nal generators that I could afford brand 
new. 

Amateurs who want to build a collec¬ 
tion of good test equipment often do 
well with these industry castoffs. I've 
seen top-of-the-line instruments from 
Boonton, Hewlett Packard, Meas¬ 
urements, Inc., and other notable 
manufacturers at hamfests for prices 
that were quite low. A very clean 
Boonton 202H am/fm/CW signal gen¬ 
erator (which covers the 220-MHz 
band) was offered for only $50 be¬ 
cause the frequency range was, at the 
time, of less interest than other ranges. 
Similarly, an HP 608 in apparently 
good shape fetched only $175. 

But there's a problem with my 
Model 80 and many other signal gener¬ 
ators. Though they work well on hf 
and VHP, they don't provide signals 
below hf. My Model 80, for example, 
operates over the range of 2 to 400 
MHz. Yet there are times when I'd 
want it to provide signals in the lower 
end of the spectrum — above audio, 
but less than 2 MHz. For example, 
how do you align or troubleshoot a 455 
kHz i-f amplifier without a good signal 
generator? 


Some instrument manufacturers 
addressed that need with separate sig¬ 
nal generators that had overlapping 
ranges. I suspect that was a sales 
strategy to get us to buy two instru¬ 
ments instead of one (some makers 
did, however, offer “full range" signal 
sources inside a single box). Others, 
such as Boonton (later bought out by 
Hewlett-Packard), offered additions 
such as the Univerter. That interesting 
device took the output of the Boonton 


202 series of signal generators and 
down-converted it to a frequency be¬ 
tween 10 kHz and 2 MHz, at the same 
rf level that was input. This latter 
feature allowed the user to set the rf 
level with the master attenuator on the 
front panel. 

A basic but effective method of 
solving the problem is by heterodyn¬ 
ing the output of the signal generator 
to a lower frequency. Figure 1 shows 
a block diagram of the system. The 
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fig. 4. Voltage-tuned oscillator can be tuned from 34 to 40 MHz 


double balanced mixer (DBM) receives 
the output of the signal generator at 
its "rf" port, and a stable local oscilla¬ 
tor signal at its "LO" port. The differ¬ 
ence signal appears at the i-f port. The 
output of the DBM should be low-pass 


filtered to remove residual high-fre¬ 
quency signals. In my own case, I 
wanted to generate frequencies up to 
1.9 MHz, so I used a 2-MHz low-pass 
filter described in reference one. 

The amplifier at the output of the 


low-pass filter is optional. I didn't find 
it necessary for my application be¬ 
cause the entire gain of a communica¬ 
tions receiver i-f amplifier was behind 
the signal generator. For others, how¬ 
ever, some form of amplifier is recom¬ 
mended. Perhaps the easiest approach 
to a wideband (2 MHz) amplifier is a 
bandpass-limited version of the MMIC 
amplifiers discussed in Joe Reisert's 
column recently. 2 3 4 These amplifiers 
are low in cost, easy to construct, and 
already have a 50-ohm input/output 
impedance. 

construction 

Over the past few years I've built 
several modules on my workbench for 
use in various projects or as "test 
gear," and these were usable in this 
project. These modules are a double- 
balanced mixer with wideband output, 
a 10-MHz crystal oscillator, and a 34- 
to 40-MHz voltage controlled oscillator. 
The DBM (fig. 2) is built from a Mini- 
Circuits SBL-1-1.* This model of the 
well-known MCL product is able to 
work over a range of 0.1 to 400 MHz, 
which matched my requirements nice¬ 
ly. The inputs and the output terminal 
are isolated internally with 2-dB resis¬ 
tive attenuators, which are sometimes 
used in wideband circuits to overcome 
difficulties that can be caused by 
changing impedances over a wide fre¬ 
quency range. Because no tuning is 
used at the i-f output, the DBM of fig. 
2 is wideband. I built it in a die-cast 
shielded Pomona box that provides a 
reasonably good seal against rf leak¬ 
age in or out. The input and output 
connectors are BNC. The rf input 
(RF1) will accept signals up to +1 
dBm (1.26 mW), while the local oscil¬ 
lator (RF2) input requires -f 7 dBm (5 
mW) to work properly. 

The crystal oscillator (fig. 3) was 
originally built for use as a marker 
(generator) in an alignment job. The 
10.7-MHz crystal was subsequently re¬ 
placed with a 10.00-MHz crystal to 
allow the oscillator to be used as time- 
base source in a digital project, and as 

* Mini Circuits Laboratories, Inc , P 0. Box 166 Brook 
lyn, New York 11235 
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a crystal calibrator in a receiver. The 
CY-10A 10-MHz crystal was obtained 
from a Jim-Pack display at a local elec¬ 
tronics shop for only a few dollars.* 

The oscillator circuit uses a 2N2222 
NPN transistor, although almost any 
replacement rf transistor similar to the 
2N2222 will also work well. In fact, I've 
used this same circuit with both PNP 
and NPN transistors selected at ran¬ 
dom from a variety of sources. Al¬ 
though in many cases stability might 
suffer as a result of a less than rigorous 
selection of devices, it demonstrates 
that this circuit is forgiving and easy 
to construct. The basic circuit is a Col- 
pitts crystal oscillator. The feedback 
capacitor voltage divider network (C2, 
C3) should be made from silver-mica 
capacitors for best stability. This cir¬ 
cuit works at frequencies from 2 to 
20 MHz. 

To enable tuning the crystal fre¬ 
quency to exactly 10.0 MHz, place a 
50-pF trimmer capacitor in series with 
the crystal and eliminate capacitor Cl. 
Adjust the trimmer for exactly 10 MHz 
output, as measured by a digital fre¬ 
quency counter or by zero-beating 
WWV. 

The output stage is a JFET buffer 
amplifier. When I found that the oscil¬ 
lator frequency would be pulled slightly 
when load impedances changed, I 
decided buffering would be necessary. 
The JFET is an MPF-102 or equivalent 
device — for example, an NTE-312, 
which is widely available from local 
parts distributors. 

The crystal oscillator was built inside 
a shielded aluminum sheet metal box. 
Although not as rf-tight as other types 
of boxes, it is satisfactory. For more 
critical applications, use die-cast box¬ 
es or simply drill a number of extra 
holes for screws in the sheet metal box 
(for "buttoning" it up) to improve 
shielding. 

When I needed to generate a 455- 
kHz signal, I used the 10-MHz crystal 
oscillator to drive the LO input of the 

* Jim-Packs (blister-packed electronics parts) are avail 
able at most local hobby and TV service parts distrib¬ 
utors. The same components are available in non-blister 
packed from from Jameco Electronics. 


DBM module, and the Model 80 sig¬ 
nal generator to drive the rf input of 
the DBM. With a 10-MHz LO, the 0- 
to 2-MHz output is generated by tuning 
the signal generator from 10 to 12 MHz. 

additional uses 

I built a voltage tuned oscillator that 
operated over a range of 34 to 40 MHz 
(see fig. 4). This circuit is a simple vari¬ 
able frequency oscillator circuit in 
which part of the capacitance used to 
tune the tank circuit is derived from a 
variable capacitance diode ("varac¬ 
tor"). In this case, I used an MV-2111 
device, which offers 47 pF at 4 Vdc 
and a C/C 0 ratio of 2.6:1. The induc¬ 
tor is a 49-MHz TV i-f amplifier trans¬ 
former (Digi-Key part No. TK-209).* 

Figure 5 shows the relationship be¬ 
tween tuning voltage and output fre¬ 
quency. Please note that this figure is 
very rough, and reflects factors such 
as my choice of layout (stray capaci¬ 
tance), the specific MV-2111 that I 
used, and the accuracy of the volt¬ 
meter and digital frequency meter. Be¬ 
fore a curve such as the one shown in 

* Digi-Key Corporation. P.0. Box 677, Thief River Falls, 
Minnesota 56701. 


fig. 5 can be trusted completely, it is 
necessary to build several such identi¬ 
cal circuits and calibrate them several 
times to obtain enough data points to 
give one confidence in the calibration. 
For example, a second oscillator was 
built using the same circuit operated 
over a range of 32 to 44 MHz, but it 
had tighter layout on the wireboard. 
You'll obviously have to experiment 
and make your own calibration curve, 
even though it will probably be close 
to the one shown in fig 5. The impor¬ 
tant thing to note is that there is a 
relationship between voltage and fre¬ 
quency. If we apply a modulating sig¬ 
nal to the tuning voltage input (V), 
then the output signal is frequency 
modulated (or swept, if a sawtooth is 
used). Like the crystal oscillator above, 
the VCO shown in fig. 4 uses an out¬ 
put buffer amplifier to prevent varying 
load impedances from affecting the 
operating frequency. The buffer is 
even more important to this circuit 
than in the crystal oscillator case. 

There are two ways to use the VCO. 
First, we can replace the signal gener¬ 
ator at the rf input of the DBM with 
the VCO. The output of the DBM then 



December 1987 


51 





becomes the difference between the 
10~MHz crystal oscillator and the VCO, 
or a range of 24 to 30 MHz. We could, 
instead, replace the crystal oscillator 
with the VCO, making the output fre¬ 
quency the difference between the sig¬ 
nal generator and the VCO. Because 
of the wide range of the signal gener¬ 
ator, a wide range of sweep center fre¬ 
quencies is possible. 

So of what use is a sweep genera¬ 
tor? It is possible to sweep an entire 
Amateur band in order to inspect the 
frequency response of a circuit. One 
can also sweep an antenna over a wide 
range in order to determine resonance. 
Of course, devices such as bandpass 
filters are best inspected using a sweep 
generator. I suspect that many appli¬ 
cations should be apparent. 

If you use the method described 
above to sweep tuned circuits, be sure 
to keep the sweep frequency rate low. 
A high sweep frequency will ring high¬ 
er tank circuits or filters and cause 
other problems during measurements. 
Although audio sine waves to 1000 Hz 
present no problem, sawtooth, tri¬ 
angle, or squarewave modulation 
should be kept to 60 Hz or less. 

One problem with this circuit is the 
fact that the output amplitude may not 
be level over the band swept. In cases 
where this variation is important, it 
might prove necessary to use a wide¬ 
band automatic gain control (AGC) 
amplifier at the output. But that's a 
subject for another column, and is one 
of the topics I'm currently working on. 

I'd like to hear your suggestions for 
future columns . You can contact me 
at P. O . Box 7099, Falls Church , Vir¬ 
ginia 22041 . 
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ETO AND ALPHA GO 
FACTORY DIRECT! 

The new ALPHA 86, and all other 
ETO amplifiers including the forth¬ 
coming ALPHA 87 AND 88, will be 
sold factory direct only, from now on. 
There are several important reasons. 
WHY BUY DIRECT FROM ETO? 

SPECIALIZED KNOWLEDGE 

High power amplifiers are spe¬ 
cialized products. Relatively few 
people arequalified to provide accu¬ 
rate information and competent ser¬ 
vice. And ALPHA amplifiers always 
have been innovative, incorporating 
features and components not com¬ 
monly found in other amateur 
equipment. 

New ETO products, beginning 
with the ALPHA 86, are even more 
sophisticated. So it figures that ETO 
is your best source of accurate infor¬ 
mation. For 18 years amateurs have 
been calling us to get the facts before 
choosing an amplifier. We want you 
to know exactly what to expect from 
your ALPHA before you buy it. We 
nate unpleasant surprises as much as 
you do and we try hard to provide 
meticulously accurate information. 

TROUBLE BUSTER! 

Call Ray Heaton, NJ0G (ex- 
WA0DYZ) if you're considering a new 
linear Ray has been answering the 
ALPHA sales and service lines for 
over a decade. He has a wealth of 
information and advice concerning 
various amplifiers and their applica¬ 
tions. He also has up-to-date delivery 
information on new ALPHA’S. 

ALPHA owners also call Ray 
when they need help. He’s Mr. Serv¬ 
ice in the ALPHA world and can 
resolve most problems in a few min¬ 
utes. If factory service is needed, Ray 
knows all the techniques to insure 
fast turnaround. And ETO stocks 
almost any part that might be needed. 


CAREER OPPORTUNITIES! 
HELP WANTED! 

ETO needs immediately a licensed 
amateur—good with people and 
knowledgeable about high power 
linear amplifiers—to help Ray 
Heaton expand our customer sales 
and service operation. If you qual¬ 
ify, please call Ray directly. 

We also have openings for RF 
power design engineers, techni¬ 
cians, and manufacturing & market¬ 
ing specialists. Please send resume 
to Steve Christensen at ETO. 


\ 



Ray Heaton 


FACTORY FRESHNESS 

It’s our policy to implement as 
running changes new refinements or 
upgrades developed by ETO engi¬ 
neers. By selling direct we can insure 
that your new ALPHA is factory fresh, 
with the very latest mods. 

PRICE RESTRAINT 

The g reat new ALPHA 86 is rated 
to deliver twice as much long term 
average power output as an ALPHA 
76CA and incorporates such impor¬ 
tant new features as PIN diode T/R 
switching and fully tuned input. We’re 
proud to be able to offer it, despite all 
the new features and six years of 
rising costs, for only 11% more than 
the price of that same 76CA back in 
1981, Innovative engineering and sell¬ 
ing direct make it possible. 

AND THE NAME IS... 

Many of you associated the 
name POWER LINES with the spec¬ 
ter of QRN, high electric bills, and 
other spooks in hamdom’s anxiety 
closets. 

Several suggested including 
ETO in the name of this column. Our 
choice: ETO/QRO-loosely trans¬ 
lated, 

"MORE POWER FROM ETOI” 


THANK YOU... 

for many notes offering encourage¬ 
ment and expressing pleasure at our 
return to a more aggressive role in 
amateur radio. Key chains will be in 
the mail shortly. 

73, 
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the technology of 

commercial television 

part 1: historical aspects 


Ever wondered how it works? 
Take this ham’s-eye tour 
of a commercial tv station 

A television station contains more different types of 
electronics in one location than any other enterprise I can 
think of. Yet in the 20or so years that I've been reading 
the literature of Amateur and commercial electronics, 
I've never seen a comprehensive account of the techni¬ 
cal aspects of a commercial television station. I won't 
pretend that the system we use here in the United States 
is perfect, but I do believe it represents both the sys¬ 
tematic evolution and the efficient use of available tech¬ 
nology — and as such, merits attention in the Amateur 
press. 

what is NTSC? 

Most video hobbyists have seen the initials /VTSCand 
assumed that it meant "Never The Same Color." Al¬ 
though this aptly describes the American television sys¬ 
tem when compared with more advanced systems, the 
acronym actually stands for "National Television Stan¬ 
dard Committee," who developed and defined the way 
a television system should work in 1953. Believe it or not, 
there haven't been any changes in the NTSC standards 


I since their adoption, even though the technology for 
creating these NTSC television signals has obviously 
changed radically. 

why NTSC? 

To explain howa standard such as NTSC, orany other 
standard, is derived, we must deal with a concept fun¬ 
damental to all communications: bandwidth, or the 
range of frequencies necessary to convey a given 
amount of information. Leaving aside any mathemati¬ 
cal definitions of bandwidth, I'll attempt to convey the 
idea in English instead. 

An example of a narrow bandwidthsystem would be 
the telephone. To convey speech information by tele¬ 
phone, we need a range of frequencies between about 
300 and 3000 cycles per second (Hz). The audio band¬ 
width in this case is 3000 - 300, or 2700 Hz. When the 
telephone mouthpiece converts the sound to electrical 
signals, we still have a bandwidth of 2700 Hz. 

High fidelity audio, on the other hand, is an example 
of a greater (wider) bandwidth. Most audiophiles agree 
that we need a frequency range of at least 20 to 20,000 
Hz in order for sound to qualify as high fidelity, or a band¬ 
width of 20,000 -20 (19,980 Hz). Our entire system 
must be capa ble of passing electrical signals over a band¬ 
width of 19,980 Hz in this case. 

When we convert visual images to electrical impulses, 
we also have to deal with bandwidth. Normal video has 

By Eric Nichols, KL7AJ, BoxO, North Pole, Alaska 
99705 
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a frequency range of 0 Hz (dc) to about 4,180,000 Hz, 
or a 4.18-MHz bandwidth. This is over 200 times the 
bandwidth required for high fidelity audio, and over 1500 
times the bandwidth required for a telephone (voice 
grade) circuit! 

If we were to define a channel as being a slot of fre¬ 
quencies 2700 Hz wide, we'd see that a video picture will 
use up over 1500 channels! Now, as long as our raw 
video or audio electrical signals are confined to electri¬ 
cal conductors (i.e., in a closed-circuit system), we don't 
have to worry (theoretically, at least) about how many 
channels we occupy. We can duplicate identical chan¬ 
nels on separate wires. In other words, the amount of 
information we carry is limited only by how many audio 
or video cables we want to run. High-definition televi¬ 
sion (HDTV), for example, has been available for quite 
some time on closed-circuit systems, and its bandwidth 
is several times greater than the NTSC-specified 4.18 
MHz. 

When we take these same channels and transmit 
them over the air, every channel of radio spectrum we 
use must be shared with the entire universe. Radio 
waves, of course, recognize no geographical, political. 


economic, religious, or psychological boundaries; here¬ 
in lies the necessity for making compromises in band¬ 
width, and NTSC is the system by which a very good 
compromise is made with available channel space. 

When the NTSC color sytem was developed, there 
were already over 40 million monochrome television 
receivers in operation in the United States! The NTSC's 
first job, therefore, was to make a color system that 
would work on black and white receivers; after all, 40 mil¬ 
lion households could not be expected to take lightly the 
prospect of having their extremely expensive (at the 
time) receivers being rendered obsolete by a new tele¬ 
vision standard! This is one price the United States paid 
for being first; most of Europe waited for us to develop 
color television before they had any television, so that 
they wouldn't have to contend with a compatibility 
problem. Great Britain and a few other nations still floun¬ 
der with awkward dual-standard systems (i.e., separate 
color and monochrome channels). 

And yes, France's SECAM system has more than 
twice the visual resolution as ours, but they have fewer 
than half the available channels. Their channels are as 
broad as a barn door, and no other nation can afford to 
wipe out that much spectrum space, nor can many 
people afford the receivers. 

As numerous as the problems are with the NTSC sys¬ 
tem, we still have the most uniform and affordable tele¬ 
vision system in the world, one that is reasonably 
conservative of spectru m space. The fact that the NTSC 
system is still widely imitated in much of the world tes¬ 
tifies to the foresight and ingenuity of the developers of 
the NTSC standard. 

Given the importance of spectrum conservation, we 
now see that NTSC had to compromise in the least ob¬ 
jectionable fashion, i.e., in the way that would impair 
image quality as little as possible. A color television sig¬ 
nal obviously contains more information than a black 
and white signal, and since more information requires 
greater bandwidth, something has to give when you try 
to force a color signal into a video channel. NTSC dis¬ 
covered gaps in the brightness information in average 
video program material — in fact, they found almost no 
video information occurring at about 3.5 MHz in a nor¬ 
mal monochrome signal. Subjective tests with thou¬ 
sands of untrained viewers revealed that when a narrow 
band of frequencies centered near 3.5 MHz was inten¬ 
tionally filtered out, nobody noticed. Color information, 
therefore, could be slipped into this segment without af¬ 
fecting the perceived quality of the final image. 

The NTSC system was television's earliest and best 
example of what we now call "ergonomic" or human en¬ 
gineering. Every aspect of the new NTSC system was 
checked for its subjective perceived qualities; even the 
choice of color phosphors was determined by evaluat¬ 
ing the responses of viewers. 
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everything but the kitchen sync 

Before we can have a quality image, we must have an 
image — and without synchronization or "sync/'as it's 
usually called, we have no image. It's common knowl¬ 
edge that a television image is created by scanning an 
electron beam back and forth across a phosphor screen. 
Few viewers realize, however, just how tight the toler¬ 
ances relevant to the positioning of that beam must be, 
particularly with color television. It's the sync system 
that controls these tolerances; in fact, most of a tele¬ 
vision transmitter's power is devoted to generating sync 
pulses so that we can have a stable scan or raster. This 
will be covered in detail next month, when we discuss 
transmission techniques. 

Typical movie theater projectors display 24 frames per 
second, but the NTSC system specifies 30 complete 
frames per second. Unlike movie frames, each video 
frame consists of two interlaced fields. NTSC scans 525 
lines per field, but not adjacently; instead, a field of 
262-1 12 lines is scanned, with the odd lines "filled in" 
during the nextfield. Even experienced television service 
tecnhicians are sometimes surprised to learn about this 
interlace scheme; some are amazed that a television 
works at all when they realize what's required to achieve 
accurate interlacing. This interlace achieves two things: 
first, it reduces flicker to the same level as would be 
sensed at 60 frames per second without increasing the 
bandwidth. Second, by flipping the color polarity of the 
odd lines upside down, the color information "disap¬ 
pears" from monochrome receivers. We use 60 fields per 
second rather than 53,65, or 80.4 because in the United 
States, ac power is60 Hz, and the ac power is conven¬ 
ient for achieving approximate control of the frame lock 
(vertical hold). 

Another critical element of image quality is synchron¬ 
ization of the horizontal sweep. This means that the left- 
to-rightpositioning of the receiver'sscanning beam has 
to correspond exactly with the scanning beam of the 
studio camera. So before each scan (video line), a hor¬ 
izontal sync pulse is transmitted at a repetition rate of 
15,750 Hz or: 

30 frames/second x 525 lines/frame = 

15,750 lines/second) 

This is the annoying frequency you sometimes hear 
emanating from television sets; all the high-voltage cir¬ 
cuitry resonates at this frequency. 

color 

I mentioned earlier that in a normal monochrome 
signal, almost no video information occurs at approxi¬ 
mately 3.5 MHz. Actually the FCC states that the color 
information must be centered at 3.579 MHz, For general 
purposes, the FCC refers to this as 3.579545 MHz; for 
convenience, broadcast engineers refer to it as simply 
3.58 MHz. The greater precision is justified, however, 



in that the subcarrier can be locked to the National 
Bureau of Standards' 5-MHz transmission. The 
3.58- M H z color su bcarrier is the most accu rate reference 
to which the average citizen has access; in fact, many 
scientific and navigational firms use the color reference 
from a local television station as a time reference, (For 
accuracy, the television station must be locked to a sat¬ 
ellite network.) 

So what do we do to this 3.58 MHz to give us color? 

We can change three things about any electrical 
wave: its height (a-m), its frequency (fm), or its timing 
or position relative to a fixed reference wave of the same 
frequency (phase modulation). Two of these — a-m and 
phase modulation — are done to the color subcarrier. 
(Fm is obviously out of the question.) 

Changing the amplitude of the wave changes the 
saturation of the color at that particular period of time. 
Saturation is what you change when you tweak the 
"color" control on your television set. Changing the 
phase or timing of that carrier at that point in the scan 
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changes the "'tint" or "hue." In other words, the phas¬ 
ing tells the receiver which color to present at that spot 
on the screen. 

The horizontal sync pulse comes just before the color 
burst. The burst is about 10 cycles of 3.58-Mhz signal at 
the beginning of each and every line. Its phase, com¬ 
pared to every other burst, is absolutely constant. But 
after the burst, the information changes according to the 
color we want. Figure 1 shows two lines of video that 
are identical except that the phasing of Genuine Color 
Information in B is shifted slightly from that of A. (How 
a receiver comparessucha subtlethingasa phase shift 
will be addressed next month.) In reality, unless you're 
actually looking at a solid white background, the video 
line will be wavy all the way across. Figure 1 shows 
modulation only at the color frequency. 

Figure 2A shows modulation of the video level, not 
at the color frequency. This will have no effect on the col¬ 
or because it's not 3.58 MHz; instead, it will appear as 
a gradual increase from gray to white, down through 
gray toward black, up through gray toward white, then 
down to gray again. Keep in mind that this is just a single 
line of video repeated 15,750 times each second. 

the 3.5$-MHz tie 

Figure 2B is very interesting. The section labeled "hf 
burst" represents what would happen if the camera 
looked at a very fine black and white pinstripe pattern. 
Because the video modulation is higher in frequency 
than color, once again no color appears. This pattern 
tests the resolution capabilities of the system. In other 
words, some herringbone suits are very high-frequency 
suits; such a suit will increase infrequency as the camera 
backs off or "zooms out." So if you're going to be on 
television, be sure to select your clothes with regard to 
frequency response. Once in a while, someone will wear 
a 3.58-MHz tie that displays rainbow patterns on less- 
than-perfectcolortelevisions. When this happens, the 
only solution is to change the tie's frequency by zoom¬ 
ing in or out. 

After the hf burst, the video goes into a "ramp," a 
gradual fade from medium gray to black. 

from studio to receiver 

So far, we've spoken mostly of the raw video; in other 
words, we haven't considered what happens to the 
video between the studio and the receiver. We did men¬ 
tion that the radio signal path is a limited bandwidth 
channel, and that the NTSC signal is tailored according¬ 
ly. But what does the signal look like after it leaves the 
transmitter? 

The visual portion of a television signal is a modified 
form of a-m. Television falls in an area between a-m and 
single sideband called Vestigial Sideband (VSB). A stan¬ 
dard a-m transmitter emits a channel which is twice the 


bandwidth of the modulating signal. It doesn't matter 
what form the modulation takes; if we take a 4.18-MHz 
wide video signal and put it into an a-m transmitter, our 
transmitted signal will occupy 8.36 MHz of precious 
spectrum space. 

The emitted channel consists of two sidebands, sym¬ 
metrically spaced on either side of the carrier frequency. 
One sideband is redundant; each carries the same infor¬ 
mation except that one is inverted in frequency — a 
mirror image, so to speak. The carrier frequency of 
Channel 2 is around 55 MHz; the carrier frequency of 
Channel 13 is around 211 MHz. (In every case, the tele¬ 
vision audio carrier is4.5 MHz above the visual carrier, 
but we'll discuss that later.) 

Because one sideband is redundant, we could lop off 
either one and still have a complete video signal. In SSB 
radio, we do exactly that, and thus end up with a radio 
frequency channel of exactly the same bandwidth as our 
audio modulation channel. 

In television, we remove most of the lower sideband, 
leaving the upper sideband intact. The only reason we 
don't completely eliminate the lower sideband is at¬ 
tributable to technical considerations which no longer 
apply, but since the rules were cast in concrete 35 years 
ago, it looks like we're stuck with VSB for the foresee¬ 
able future. However, the NTSC made a noble step in 
the right direction when they opted for VSB instead of 
full a-m. 

Unlike SSB radio — where it's easy to regenerate the 
carrier upon reception — in television we leave the carrier 
untouched because eliminating it would make receiver 
design hideously complicated. Although our transmit¬ 
ters would be more efficient if we could eliminate it, the 
carrier doesn't occupy any spectrum space and is there¬ 
fore of no concern. 

Figures 3A and 3B compare the occupied bandwidth 
ofa-mto VSB. Whatdowe putwherethe LSB used to 
be? The upper part of the next lower television channel, 
of course. It would be nice to leave that lower sideband 
gap as elbow room, wouldn't it? Unfortunately, both 
nature and the FCC abhor a vacuum, and one or the 
other guarantees that something isgoingtobethere. In 
most cases, it'sa television station, unlessyou happen 
to be talking about channel 7, in which case it happens 
to be the fm broadcast band as well as most high-band 
VHFfm communications. 

Actually, the lack of elbow room between television 
stations would never create problems in properly 
designed television receivers. Unfortunately, nobody 
makes any. Even though the quality of the video sections 
of television receivers has improved dramatically in the 
last three decades, the radio frequency sections, or front 
ends, have gotten worse. The old tube receivers of the 
1950s had far better selectivity than any receivers built 
now. ( continued on page 65) 
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Referring back to fig. 1 and 2, it should be mentioned 
that these are upside down asfar as transmitted power 
is concerned. In other words, even though the sync 
pulse is shown at the bottom, it's actually maximum 
transmitted power and modulation. As a matter of fact, 
transmitters for television are licensed according to peak 
power, or sync peak envelope power. There are several 
good reasons for this practice: first, the sync represents 
a constant value, which is reasonably simple to meas¬ 
ure or calculate. The FCC requires broadcasters to know 
how much power they're radiating. Because the video 
waveform is continually changing, it would be practically 
impossible to represent power output in terms of '"aver¬ 
age picture modulation" or some other such nebulous 
term. By putting the sync at the top, in terms of power, 
we at least have a maximum power measurement. (In 
"real" television, we never have a condition of unmodu¬ 
lated carrier as we do in radio, so we can't talk about a 
television station's licensed carrier power.) The second 
reason for having the sync at the top relates to our origi¬ 
nal discussion of sync pulses. We mentioned that there's 
no point in having a nice-looking video image if it isn't 
stable. By placing the sync pulses at maximum output 
power, we ensure that as the received signal gets weak¬ 
er, the last thing to go will be picture stability. This one 
characteristic, common to television standards around 
the world, allows us to have a usable picture under much 
poorer conditions than would be acceptable if the sync 
pulse were at a lower transmitter modulation. 

One thing that does vary from standard to standard 
is in what direction you gotogetfrom black to white. In 
NTSC, the blacker you go, the closer you get to sync 


power. In the British system and others, white is trans¬ 
mitted near sync level and black is at lower modulation 
levels. A British picture viewed on NTSC, therefore, 
would appear as a negative rather than as a positive 
image. 

Each polarity of video offers certain advantages. The 
NTSC system has a better signal-to-noise ratio in the 
black region, which translates into less visible "snow" 
in the darker areas. On the other hand, it's generally eas¬ 
ier to achieve linearity on most types of transmitters with 
the inverted video systems. (Linearity, in this context, 
refers to the degree of video "fidelity.") A more linear 
system reproduces luminence levels, or shades of gray, 
more accurately. 

waveform monitor 

The waveform monitor (fig. 4) — a vital piece of test 
equipment common to all television stations — is a 
specialized form of oscilloscope used to view video 
signals either line by line or field by field. Actually, any 
good oscilloscope would be sufficient. 

Although many differentgraticulesare used, the IRE 
is by far the most common. Note that the graticule has 
two scales. The left scale represents IRE units. The IRE 
scale of 140 units is divided into 100 units of genuine 
video information and 40 units of sync. TheO division or 
baseline is clamped at 0 volts in most television stations. 
In other words, anything below 0 is a negative voltage, 
while anything above 0 is a positive voltage. The right 
side of the scale indicates the percentage of modulation 
of an actual television transmitter, assuming everything 
is working satisfactorily. 

I've shown one line of a "window" signal superim¬ 
posed on the graticule; this appears as a white left half 
and a very black right half of the screen — television 
screen, that is; waveform monitor screens are green. 
Notice that sync is 100 percent modulation, the baseline 
is 75 percent modulation, and purewhiteis 12.5percent 
modulation. Why isn't white set at 0 percent modula¬ 
tion? Because television receivers need a little bit of 
visual carrier (12.5 percent) to demodulate the audio 
signal. Did you ever notice that raspy buzz in the audio 
when a television station runs credits or other very white 
characters? This is what happens when the video acci¬ 
dentally gets past 12.5percentwhite towardsO. Televi¬ 
sion receivers use a technique called intercarrier sound 
demodulation to simplify the receiver tuning circuitry. 
It's a system I'd get rid of if I were Emperor, but that's 
unlikely to happen. 

The IRE scale is quite convenient for visual quality 
control. As long as we keep our visual range between 0 
and 100 units on the left, we'll have a reasonably 
pleasant-looking picture. In practice, genuine video in¬ 
formation (GVI) should never go below 7.5 IRE units. 
This tiny setup level prevents our GVI from confusing our 
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baseline clamping circuitry. We'll talk more about clamp¬ 
ing next month, but for now, let's just say that clamp¬ 
ing is there so that television sets know where black ends 
and sync begins. 

television sound 

Although the NTSC had little to do with the the de¬ 
velopment of television audio, television transmitters 
have always been capable of excellent audio. In fact, the 
audio section and legal FCC specifications for television 
audio are essentially identical to those specified for fm 
radio! Television frequency response uses exactly the 
same 75-ms pre-emphasis curve asf m broadcasting, for 
example, and the total harmonic distortion specifica¬ 
tions are the same as those for fm radio (monaural). 

So why has television audio — until very recently — 
sounded so poor? There are two weak links in the tele¬ 
vision audio chain: the first is in production techniques. 
In most videotaped and live television fare, audio has 
generally been added on almost as an afterthought. 
Quality audio has nothing to do with technology; it's 
simply a matter of quality control and care. The second 
weak link has been intercarrier sound demodulation, 
mentioned briefly above. The intercarrier technique is 
extremely clever, but that's about all I can say for it; too 
many compromises in overall audio quality are required, 
so the purpose of transmitting good audio is almost 
defeated. Intercarrier sound demodulation has greatly 
complicated the problem of stereo audio transmission, 
but even so, it seems like it's here to stay. 

Visitors to television stations are often amazed by how 
good the audio sounds. This is because a television audio 
"modulation monitor" is a discrete (i.e., non-inter¬ 


carrier) tuner and because the monitors in the control 
room usually use full-size, full-range speakers. So all is 
not lost when it comes to television audio, and more and 
more producers — especially with increasing public in¬ 
terest in stereo reception — are beginning to pay some 
attention to audio techniques and quality control. 

The unmodulated sound carrier is exactly 4.5 MHz 
above the visual carrier. It isfrequency modulated ±25 
kHz under maximum loudness from this carrier. The 
modulation of an fm carrier results in the generation of 
some sidebands which overlap into the video portion of 
the channel. For this reason, most television receivers 
have a "sound trap" that notches the audio out of the 
video chain. In general, though, this slopover has mini¬ 
mal detrimental effects on the video, and some high- 
resolution monitors do not include sound traps. 

As far as aural (audio) carrier power is concerned, a 
typical television station cranks out only one-fifth as 
much aural power as peak sync power. The reason for 
this has to do with the bandwidth of the aural compared 
to the bandwidth of the visual system. A narrowband 
system, of course, needs less power to do the same job 
as a wideband channel. 

tune in next month . . . 

In the next installment, ('ll describe station equipment 
that processes signals ranging from dc through visible 
light. Topics covered will include antennas; mechanical, 
electrical, and audio devices; light transducers; analog 
and digital electronics; rf and microwave devices; power 
generation and distribution; wave propagation; and just 
a tiny bit of nuclear physics. 

ham radio 
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low-noise receiver 
update: part 2 

in last month's column, 1 in which 
we discussed the state of the art 
(SOA) in low-noise receivers and pre¬ 
amplifiers, I pointed out that some in¬ 
credibly low noise figures are now 
possible using very affordable (less 
than $10} GaAsFETs. HEMTs (high 
electron mobility transistors), the latest 
rage, can cut noise figures by as much 
as 50 percent; though HEMT prices 
are pretty steep right now, they are 
dropping. 

Last month's column also discussed 
ways to decrease noise figure by prop¬ 
er component selection and cooling 
techniques. This month's column will 
be more practical, stressing recom¬ 
mended circuitry, stability techniques, 
and device selection. Well review test¬ 
ing and talk about improvements that 
can be expected in the near future. 

recommended circuits 

By now you're probably wondering 
what circuitry to use for GaAsFET pre¬ 
amplifiers. Reference 2 discussed rec¬ 
ommended circuits for 144, 220, and 
432 MHz. Those circuits still are close 
to optimum for a simple competitive 
preamplifier without any special com¬ 
ponents or tricky techniques. 

Reference 3 showed a recommend¬ 
ed preamplifier for 903 MHz. Simple to 
construct and align, it had a noise 
figure of approximately 0.5 dB when 
an appropriate GaAsFET was used. 

Techniques improve with time. 
Therefore, before recommending a 
final circuit, let's first review the major 
considerations in selecting the individ¬ 
ual components and circuit topology. 

input circuits 

Last month we discussed recom¬ 
mended input-matching circuits for 


GaAsFET VHF and lower UHF region 
preamplifiers. We emphasized that one 
of the most practical input-matching 
circuits is still the step-up resonant 
transformer with a capacitor tap. 4 This 
configuration has low insertion loss, a 
wide adjustment range, and provides 
reasonable out-of-band rf signal re¬ 
jection. 

Reference 1 also stressed that most 
of the noise figure in today's typical 
Amateur preamplifiers is caused by 
losses in the input impedance match¬ 
ing network. Use only components 
with the highest possible unloaded Q. 
Cavity-type construction may be re¬ 
quired, especially if noise figures of 
less than 0.5 dB are required on 432 
MHz and above. However, that is 
beyond the scope of this month's 
column. 

output circuits 

There are many types of output¬ 
matching circuits used in Amateur 
GaAsFET preamplifiers. Some of them 
are shown in fig. i It is desirable when 
selecting the output circuit to make 
sure that it has sufficient bandwidth so 
that it doesn't become the bandwidth- 
limiting device in the preamplifier. 

An output tank circuit similar to the 
one recommended for input matching 
is shown in fig. 1 A. /t is definitely not 
recommended and should be avoided 
for a number of reasons: first, because 
it will usually increase the gain well 
above the desired operating level, 15 
to 20 dB, as discussed in reference 1; 
second, because it's very difficult to 
decouple a high-impedance output 
tank circuit from an input circuit suffi¬ 
ciently, thus creating a source of feed¬ 
back and potential oscillations; and 
third, because the reflected impedance 
of the following amplifier stage on the 
tuning of this output circuit may cause 
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Table 1. Typical GaAsFETs popular with Amateurs 


Type 

Noise figure at 
frequency (GHz) 

Approximate 

price 

Notes 

AT 8110 

1.1 dB typrcal at 4 

$27.00 


ATF 10135 

0.5 dB typical at 4 

1.8 dB typical at 12 

$10.85 


CFY 19 

1.8 dB maximum at 6 


low cost 

MGF 1100 

2.5 dB typical at 4 

$7.50 


MGF 1202 

2.0 dB maximum at 4 

$10,00 

discontined 
use MGF 1302 

MGF 1302 

1.4 dB maximum at 4 

$10.00 

replaces 

MGF 1202 

MGF 1402'2SK274 

1.4 dB maximum at 4 

$14.00 

replaces 

MGF 1202 

MGF 1412/2SK275 

0.8 dB typical at 4 

1.7 dB typical at 8 

$26.00 


MRF 966 

1 2 dB typical at 1 

$2.00 

dual-gate 

NE 202 

NE 04683 

1.0 dB typical at 12 

0.8 dB typical at 8 

1.5 dB typical at 12 


HEMT 

NE 41137 

1.3 dB typical at 0.9 

$3.00 

dual-gate 

NE 72084/2SK571 

0.6 dB typical at 2 

1.4 dB maximum at 4 

$10.00 

replaces MGF 1402 


additional instability when the preamp¬ 
lifier is placed in your system. 

The bifilar-wound output transform¬ 
er (fig- IB), first proposed for GaAs- 
FET preamplifiers by Bob Sutherland, 
W6P0, has stood the test of time. It's 
easy to construct and works well up 
through 432 MHz. 5 

Resistive loading, shown in fig. 1C, 
has been used in the past, particularly 
where gain is very high. 6 It certainly 
calms down hot high-gain devices, hut 
will also lower the output power and 
the dynamic range of a preamplifier. 

In reference 3 I introduced a simple 
form of L-network that effectively 
replaces the bifilar type of transform¬ 
er matching (fig. ID). It's not only 
easier to build, but also provides some 
selectivity. Furthermore, it typically 
yields slightly higher gain and output 
power (at the 1-dB compression point) 
than the bifilar transformer. 

final circuit 

Figure 2A shows a recommended 
GaAsFET preamplifier circuit for the 
144, 220, 432, and 903-MHz Amateur 
bands. It uses a capacitance-coupled 
input tank circuit as described in refer¬ 
ence 1. The output circuit is an L-net¬ 
work as just described. Note that the 
capacitance of the output coupling 
capacitor is much lower than typically 
seen in other GaAsFET preamplifiers. 

Source biasing is used because it's 
simple, effective, and requires only a 
single power supply. The drain voltage 
is supplied from an inexpensive three- 
terminal voltage regulator through a 
limiting resistor. This provides simple 
protection to the GaAsFET/ The zener 
diode, CR1, is simply used for over¬ 
voltage protection and will be de¬ 
scribed shortly. 

Note that a ferrite bead is placed on 
the drain lead. At the frequency of in¬ 
terest it dissipates only 0.5 to 1.0 dB 
of the preamplifier gain. However, in 
the microwave region where most 
GaAsFETs still have plenty of gain, it 
prevents undesirable oscillations. 

component selection 

Before building a preamplifier, you 
should first consider which compo¬ 


nents are to be used. The GaAsFET 
choice is important, but don't get 
carried away by using one that is speci¬ 
fied well above your operating fre¬ 
quency, because you may end up with 
a higher noise figure than expected at 
a price that isn't cost effective. 1 

It's best to choose a GaAsFET that's 
specified at or just above your band of 
interest. Many GaAsFETs are now 
available, especially some that were 
popular several years ago but are now 
obsolete by today's standards. Most 
will operate in the circuit shown in fig. 
2 with only slight differences in tuning. 
Dual-gate GaAsFETs can also be used 
in this circuit if the second gate is 
biased as shown in fig. 2B. 

Table 1 has been prepared to assist 
you in GaAsFET selection. Several de¬ 
vices, mostly those that are popular 
with Amateurs, are listed. While there 
are many GaAsFET manufacturers, 
most semiconductor suppliers don't 
like to deal with individuals except 
through distributors (for instance, 
Avantek and Motorola) or unless a 
large order (typically greater than $50) 
is placed. Fortunately, at least two 
Amateur suppliers can help — not only 
with GaAsFETs, but with some of the 
hard to-find components.*■** 

As described in reference 1, the 


input-matching capacitors should have 
a very high unloaded Q; the Johanson 
or equivalent air variables are appropri¬ 
ate. Likewise, the inductors described 
in the component list are close to opti¬ 
mum for unloaded Q. Always use 
large-diameter (No. 14 AWG or larger) 
copper or copper-plated wire. Keep in¬ 
ductors away from nearby objects be¬ 
cause they can cause the unloaded Q 
to decrease. 

Low insertion loss connectors with 
good impedance characteristics are 
desirable at the preamplifier input. 
Type N, SMA, or TNC are recom¬ 
mended. However, less expensive 
connectors can be used for the pre¬ 
amplifier output connector when 
losses aren't a great concern. 

The capacitive values of the source 
bypasses aren't critical, but they 
should be chip or leadless ceramic or 
porcelain types. Suitable inexpensive 
types are available from Michigan 
Microwave/* The rest of the compo¬ 
nents don't require further explana¬ 
tion. The type of enclosure to be used 
will be described shortly. 


x Norm Aired, WA8EUU, Micro wove Components ot 
Michigan. 11216 Cope Cod, Taylor. Michigan 48180. 

Steve Kostro, N2CLI, H D. 1, Box 341 A, Fiench 
town. New Jersey 0882b. 
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fig. 2. Schematic of a recommended GaAsFET preamplifier for use on 144 through 903 
MHz: {A) typical single-gate GaAsFET with two source leads; IB) a modification to 
fig. 2A to accommodate a dual-gate GaAsFET. 


construction techniques 

Just like other low-noise circuitry, 
GaAsFET preamplifiers require good 
construction practices if optimum per¬ 
formance is to be achieved. Poor con¬ 
struction will result in mediocre 
performance indicated by low gain, 
moderate to high noise figure, and in¬ 
stability — or all of the above. 

Choose a shielded enclosure. I pre¬ 
fer cast aluminum boxes such as the 
Bud model CU123 or CU124, the Ham¬ 
mond 1590A or 1590B, or equivalent. 
Attach a piece of ordinary double¬ 
sided printed circuit board to the cover 
of the enclosure as shown in fig. 3A; 
it can be held in place by the input- 
output connectors and the input pow¬ 
er connections. 

Figure 3 can be used as a guide to 
recommended component location for 
a GaAsFET preamplifier. Figure 3A is 
a top view of the subchassis; fig. 3B 
shows the side view. In particular, note 
the position of Jl, Cl, C2, and LI, 
since their location and proximity to 
each other help keep input losses (as 
well as noise figure) low. The raised 
bracket shown in fig. 3C is used to 
mount the GaAsFET at the proper 
height so it can be connected directly 
to the matching network using only its 
gate lead. At the same time, the lead¬ 
less or chip capacitors can be easily at¬ 
tached to this bracket. 

stability considerations 

Like bipolar transistors, GaAsFETs 
can be very unstable if they're used im¬ 
properly. Poor circuit performance can 
be traced to rf as well as dc instability 
or both! 

When GaAsFETs first appeared on 
the Amateur scene, dc stability was a 
real problem. Negative gate biasing 
was often used, and when it failed 
(which seemed to be quite often), the 
expensive GaAsFETs died a quick 
death. Nowadays, most Amateur cir¬ 
cuits use source biasing as shown in 
fig. 2. This way, the drain current of 
the device is automatically limited. 

If source biasing is used, rf bypass¬ 
ing can be a problem. Always use by¬ 
pass capacitors that have little or no 
series inductance such as the chip 


type. The actual capacitance value 
isn't important as long as the capaci¬ 
tive reactance is below 1 or 2 ohms at 
the operating frequency. 

A ferrite bead on the drain lead will 
help eliminate rf instability in the micro- 
wave region, as mentioned previously. 
Likewise, a ferrite bead on the leads of 
any resistors or chokes (if used) in the 
rf path is recommended. I # ve seen 
some preamplifiers that have a diplex- 
er incorporated on the output of the 
preamplifier using a parallel resonant 
circuit and a 50-ohm resistor. 7 

Sometimes the enclosure can be a 
problem, since it may act like a wave¬ 
guide — but the lower the height of 
the enclosure, the less likely the 
problem is to occur. Proper compo¬ 


nent layout is, of course, recommend¬ 
ed. Shields between the input and 
output circuits are also suggested. I've 
seen some commerica! suppliers add 
ferrite absorbers inside an enclosure as 
a last resort. 

GaAsFET preamplifiers have moder¬ 
ately high input and output impe¬ 
dances and usually don't have much 
isolation between the input and output 
circuits. Remember that GaAsFETs are 
like the old triode vacuum tubes that 
were often neutralized (ughl). For cir¬ 
cuit stability, they rely on a low capac¬ 
itance between the gate and drain, and 
on keeping the gain at a reasonable 
level. 

Most Amateurs tune up their pre¬ 
amplifiers in a well-matched environ- 
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ment with a good (low VSWR) input 
and output load. Then, when every¬ 
thing looks great, they often insert the 
preamplifier into a system that's 
matched at the frequency of operation 
but highly reactive out of band. If the 
gain is too high, if the loading of the 
following stage is the wrong impe¬ 
dance or phase, or if the reverse isola¬ 
tion of the preamplifier is inadequate 
(more on this shortly), the preamplifi¬ 
er may become unstable and "take off 
and fly." 

For the reasons stated above, many 
commerical suppliers follow their pre¬ 
amplifiers with a ferrite isolator or cir¬ 
culator which effectively presents a 
good output impedance match irre¬ 
spective of the load. This is great, but 
the cost of such a device is often more 
than the price of the typical Amateur 
GaAsFET preamplifier alone! Needless 
to say, beware of potential instabilities. 

modifications to existing 
preamplifiers 

Often I'm asked if the commercial 
Amateur GaAsFET preamplifiers can 
be modified or improved. The answer 
is usually yes — if there's sufficient 
room to work within the enclosure. 

I recently had one of the 70-cm (432 
MHz) EMEers send me his very low 
noise GaAsFET preamplifier. It worked 
fine on his bench, but oscillated when 
it was inserted in his EME system. I 
tested the circuit and found that it in¬ 
deed had a good noise figure in a well- 
matched environment such as the one 
described above. However, when I 
looked at the circuit, I was shocked; 
there was the typical tuned output 
tank circuit that I lambasted earlier (see 
fig. 1 A)! 

I carefully removed the inductor and 
all the tuning capacitors in the output 
circuit and replaced them with a sim¬ 
ple bifilar-wound transformer (fig. IB) 
and a dc blocking capacitor. 1 Sure 
enough, the gain dropped slightly 
(which is of no consequence, since it 
was already too high) and stability 
returned. There was no measurable 
change in noise figure. Another dis¬ 
tressed preamplifier was rescued. 

Often a new, lower noise figure 


GaAsFET can be substituted in an ex¬ 
isting preamplifier. I'm sure there are 
other instances when minor circuit 
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MAKE FROM THIN BRASS STRIP APPROX. O.ZS" WIDE 
AND 0 35" HIGH WITH LENGTH TO FIT 

fig. 3. Recommended construction tech¬ 
niques for a GaAsFET preamplifier used 
on 144 through 903 MHz: (A) looking 
down on component side; (B) side view. 
For clarity, some components are not 
shown. (C) shows grounding pedestal 
for GaAsFET. 


changes can be made to an existing 
preamplifier following the guidelines in 
this month's column. After all, who 
cares if a preamplifier has close to a 
0.0-dB noise figure if it won't work in 
a realistic environment? Jump in and 
rescue it rather than letting it rest un¬ 
used in your desk drawer. 

GaAsFET destruction 

I still hear horror stories about GaAs- 
FETs that get destroyed. These cases 
usually involve mast-mounted preamp¬ 
lifiers. More often than not, the prob¬ 
lems are caused by poor antenna 
change over relays or lack of relay se¬ 
quencing. 

Most modern low-noise solid-state 
devices are moderately reliable and can 
usually withstand low levels of rf (100 
milliwatts, +20 dBm, or less) for at 
least a few milliseconds, the typical 
switching speed of a normal T/R relay. 
However, for best reliability and con¬ 
tinued low noise figures, rf levels 
should be kept at least 10 dB lower — 
not to exceed 10 milliwatts (+ 10 
dBm). 

Many of the commonly available 
T/R relays used by Amateurs have 
only 30 to 40 dB of receiver isolation 
on 144 MHz, with 25 to 30 dB typical 
at 432 MHz. With 500 watts (+57 
dBm) of power and 30 dB of isolation, 
the leak-through power on the input of 
the preamplifier would be 0.5 watts 
( +27 dBM), high enough to blow out 
even a stiff transistor! 


parts list 

C1,C2 

0,5 to 10 pF low-loss air variable (see text) 

C3,C4 

leadless or chip bypass capacitor, 470-1000 pF (see text). 

C 5 

144 MHz: 6.8-7 .5 pF 

CR1 

220 MHz: 4.7-5 pF 

432 MHz: 3.9 pF 

903 MHz: 3.0 pF 

5.6 volt zener, 1N751 or equivalent 

CR2,CR3 

1N4001 or equivalent silicon diode 

FB 

Ferrite bead, Type 3B, 4A, 43, or equivalent 

J1 

Low-loss input connector, N, $MA or TNC preferred. 

J2 

Output connector . Type not critical . 

LI 

144 MHz: 5 turns No. 14 on 3/8-inch ID, 0.5 inch long. 

L2 

220 MHz: 5 turns No. 14 on 0.25-inch ID, 0.5 inch long. 

432 MHz: 1 turn No. 14 on 0.32-inch ID. Length of wire 2 inches 
overall. 

903 MHz: thin (0.02-03 inch) copper strap 1.0 inch long overall. 

144 MHz: 10 turns No. 24 on 0.1-inch ID, 0.25 inch wide and 0.5 

Q1 

inch long. 

220 MHz: 8 turns of No. 24 on 0.1-inch ID, 0.5 inch long. 

432 MHz: 5 turns of No. 24 on 0.1-inch ID. 0.5 inch long. 

903 MHz: 3 turns of No. 24 on 0.1-inch ID, 0.25 inch long. 

See text and table 1 

R1,R2 

200 ohms typical. Select for Ip of 7-10 nA (see text). 

R3 

100 ohms typical (see text). 

U1 

5.0-volt, three-terminal voltage regulator, 78L05 or equivalent. 
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You can best limit the rf level on the 
input of your preamplifier by use of a 
high isolation relay, typically 50 dB. 
Better yet, use a dual relay system like 
the one suggested in references 8 or 
9. The second relay can be a low-cost 
type and will significantly increase re¬ 
lay isolation. Furthermore, on transmit, 
the preamplifier can be returned to a 
50-ohm load, thus preventing any ten¬ 
dency towards oscillation and possible 
destruction. 

As described in references 8 or 9, 
relay sequencing is highly recommend¬ 
ed. Chip Angle, N6CA, has proposed 
a more sophisticated sequencing 
scheme built around a quad operation¬ 
al amplifier/ 0 It provides several differ¬ 
ent delay times for switching receivers, 
exciters, and transmitters and is sug¬ 
gested for extra protection. 

Don't overlook the dc biasing con¬ 
ditions just discussed. Source biasing 
and voltage-regulated power supplies 
will help GaAsFETs. Remember also 
that dc spikes are another potential 
problem. That is why I've always rec¬ 
ommended the use of three-terminal 
voltage regulators with zener diode 
over-voltage protection as shown in 
fig. 2. 

Sometimes I see Amateur preampli¬ 
fiers with a spike-protection zener 
diode shunted between the drain and 
source. If you use this technique, don't 
forget to use ferrite beads in series with 
the diode, since it's in shunt with the 
rf path and could introduce rf feed¬ 
back. 

As I've recommended many times 
before, provide a dedicated power 
supply for your low-noise preamplifier 
and a separate dedicated supply for all 
relays. Inductive spikes from switch¬ 
ing relays can kill any low-voltage un¬ 
protected device operating on the 
same voltage line? If only one supply 
is used, provide spike-limiting diodes 
on the relays, as recommended in ref¬ 
erence 9. 

Another sporadic problem is han¬ 
dling GaAsFETs while inserting or sol¬ 
dering them into circuits. Always use 
a low-power soldering iron with the tip 
grounded to the chassis. Also, first 
ground yourself to the chassis or use 


a "wrist strap" before contacting a 
GaAsFET. Static kills GaAsFETs! 

Finally, beware of rf and static dis¬ 
charges such as lightning. The best 
protection is simply removing your pre¬ 
amplifier from the system when it's not 
in use. Input filtering will go a long way 
towards protection of a low-noise pre¬ 
amplifier. In this regard, the capaci¬ 
tance-coupled input circuit shown in 
fig. 2 is highly recommended. 

TVRO LNAs 

The TVRO {TV receive only) LNAs 
(low-noise amplifiers) are literally every¬ 
where, now that much of satellite TV 
is scrambled. I've seen them for sale 
at flea markets for less than $30! Typi¬ 
cally, they have 50 dB of gain speci¬ 
fied for operation from 3.7 to 4.2 GHz 
and use two or three stages of GaAs¬ 
FETs followed by three to four stages 
of bipolar transistors. 

TVRO LNAs are usually great "as 
is" for operation on 3456 MHz, and will 
typically have a 1.5-dB noise figure in 
the Amateur band. Dave Mascaro, 
WA3JUF, recently described not only 
how to use them as receiver preampli¬ 
fiers, but also how to modify them for 
use as low-level transmitter amplifiers. 1 

They're also a great source of spare 
parts, even if they're defective units 
{which usually makes them cheaper 
yet!). Many small UHF and microwave 
components such as tuning and chip 
capacitors — not to mention several 
very low noise GaAsFETs and bipolar 
transistors — are easily removed! 

microwave techniques 

On the microwave bands (typically 
1296 MHz and above), different 
matching techniques such as the 
NRAO lossless feedback circuit are 
often used. 1 The NRAO/W6PO type 
preamplifier that uses this technique is 
popular on 1296 MHz. 7 On the higher 
microwave bands, dielectric, stub, 
screw, and empirical matching tuners 
are often used as described in refer¬ 
ence 4. Commercial suppliers often 
use ferrite isolators or hybrid couplers 
to improve bandwidth and impedance 
matching. 

This month's column mainly re¬ 


ferred to VHF and lower UHF opera¬ 
tion because this is where most of the 
activity is. Upper UHF or microwave 
techniques, a completely separate sub 
ject, will be discussed in a future 
column. 

monolithic GaAsFET 
amplifiers 

So far I've mainly addressed home¬ 
brew preamplifiers. As I said before, 
technology moves fast, so it shouldn't 
be surprising to see that we now have 
commercial GaAsFET MMICs (Micro- 
wave Monolithic Integrated Circuits). 13 
Some are simply broadband, mod¬ 
erate-gain (6 to 10 dB) types such as 
the Microwave Semiconductor Corpo¬ 
ration (MSC) CGY-40 and the Nippon 
Electric Company (NEC) NEPA 1001. 12 

MSC, NEC, Harris Corporation, Pa¬ 
cific Monolithics, and others now sup¬ 
ply a broad range of MMIC amplifiers 
with moderate to high gain as well as 
entire subsystems through 10 GHz all 
using GaAsFET technology. These 
units, typically with 3- to 5-dB noise 
figures, are usable as medium-per 
formance preamplifiers, but more 
practically, as second-stage amplifiers. 
In addition, performance improve¬ 
ments are constantly occurring. 

There are a few precautions to ob¬ 
serve when using GaAsFET MMICs. 
Many of these amplifiers require mul¬ 
tiple power supplies. Prices are still 
high, but will drop. 

Last month I mentioned the phe¬ 
nomenon of 1/f or low-frequency 
noise. For illustration, note that the 
specified noise figure of the Minicir 
cuits Labs model ZHL 1042J broad¬ 
band GaAsFET amplifier is only 4.5 dB 
above 100 MHz, but increases to 18 dB 
at 10 MHz! 

tuning and testing 

If you can't tune or test a low-noise 
preamplifier properly, it won't achieve 
the low noise and moderate gain 
values that we've discussed so far. 
However, as I stated previously in both 
this column and in reference 2, a 
GaAsFET preamplifier can easily be 
tuned in line for maximum gain with 
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only a small degradation in noise 
figure. 

A weak signal source can be used 
for tuning by having a local Amateur 
radiate a small amount of rf on your 
favorite frequency. In this case, the 
preamplifier should be tuned for best 
signal + noise ratio (SNR), not gain. 
This can be tricky at best. EMEers 
often tune their preamplifiers for max¬ 
imum sun noise referenced to a quiet 
sky. 13 

Reference 2 also discussed the "re¬ 
verse isolation" test, which greatly 
simplifies the testing of the preampli¬ 
fier stability margin. For system stabil¬ 
ity, it's important that the reverse gain 
(really a loss) be at least 6 to 10 dB 
greater than the forward gain of a pre¬ 
amplifier. For instance, a GaAsFET 
preamplifier with a gain of 20 dB 
should have a loss of at least 26 dB 
when reversed from end to end. If not, 
it may not be stable when used in a 
system that isn't 50 ohms from dc to 
daylight! 

If you're lucky enough to own or 
borrow the use of a noise figure gener¬ 
ator, preamplifier tuneup is consider¬ 
ably simplified. If not, attend one of 
the many VHF conferences often re¬ 
ferred to under "Important VHF/UHF 
Events" at the end of each month's 
"VHF/UHF World." These confer¬ 
ences often have the latest in noise 
figure gear available, which you can 
use to optimize your preamplifier noise 
figure and measure your performance 
against that of your peers. 

A few precautions about noise fig¬ 
ure generators are in order. For best 
noise figure accuracy, the so-called 
"excess noise ratio" of the noise 
source should be only a few dB great¬ 
er than the noise figure of the device 
under test. Furthermore, the VSWR of 
the noise source must be very low 
both in the "on" and "off" states. 

Low VSWR can be assured only 
with a highly padded down noise 
source or one followed by a ferrite iso¬ 
lator; both, however, are sources of in¬ 
accuracy. Most of the older noise 
generators have 15 to 16 dB excess 
noise. A 10-dB attenuator pad can be 
added in series with the output, but 


this will affect absolute accuracy of the 
results. To solve this problem, Hew¬ 
lett-Packard has recently introduced 
the model 346A noise source for use 
on its popular mode! 8970 noise figure 
generator. The 346A noise source has 
about a 5.2-dB excess noise ratio (ver¬ 
sus 15 to 16 dB on the older model 
346B) and is highly recommended for 
optimization of very low noise figure 
preamplifiers, especially those with 
GaAsFETs. 

Finally, if you really want to "zero 
in" on the lowest possible noise figure, 
you must not only tune for optimum 
noise match, but also optimize the dc 
operating parameters of the preampli¬ 
fier. This is most easily accomplished 
by placing a pot either in series with 
or as a direct replacement of the 
source resistor and the resistor in series 
with the drain (see fig. 2). 

To prevent excess current, it's ad¬ 
visable to place a small resistor (per¬ 
haps 10 to 50 ohms) in series with 
these pots. This will provide full adjust¬ 
ment capability. With all these "han¬ 
dles" on the preamplifier, you'll have 
to act like an octopus to tune every¬ 
thing! 

special techniques 

As mentioned in last month's 
column, many techniques are available 
that will allow you to achieve a low 
noise figure. The most obvious is to 
use components with the highest un¬ 
loaded Q. Then select a solid-state 
device with the lowest possible noise 
figure. This will probably be a GaAs¬ 
FET below 4 GHz and a HEMT above 
that frequency. If you can afford a 
cryogenic cooler, or find one at a sur¬ 
plus sale, they're highly recommend¬ 
ed. Don't forget that the optimization 
of noise figure, as discussed above, is 
very important. 

It should also be obvious from what 
we've discussed that the temperature 
of the preamplifier is very important. 
Therefore, if your preamplifier is mast- 
or antenna-mounted, it should be 
shielded from heat or radiation from 
the sun. The latter is particularly im¬ 
portant for EME operation, which 
often takes place during the day, when 


the preamplifier is exposed to sunlight. 

predictions for the future 

Low-noise HEMTs will eventually 
trickle down to Amateurs, as will even 
lower-noise GaAsFETs. Who knows? 
Maybe even lower noise-figure devices 
will be discovered that can surpass 
present HEMT performance. There are 
certainly customers waiting in the 
wings for any improvements, however 
small, and we all know that improve¬ 
ments are market driven. 

One of the brightest and perhaps 
most rapidly accelerating technologies 
is the field of ceramic superconductiv¬ 
ity. Every month an improved ceramic 
material seems to be discovered that 
can operate at an even higher temper¬ 
ature and still achieve zero resistivity. 
As I write this, the latest reported 
superconductivity has taken place at 
just below room temperatures; if this 
technology can be applied to semicon¬ 
ductors, noise figures may yet go to 
0.0 dB at room temperature! 

Although it doesn't affect receiver 
technology, semiconductor manufac¬ 
turers have made great strides in the 
production of power GaAsFETs. Some 
presently available devices will deliver 
4 to 7 watts of linear output power up 
through 10 GHz with gains of 7 to 10 
dB. Even higher power devices are be¬ 
ing developed. 

What this means is that we can now 
achieve moderate amounts of linear 
power well into the microwave fre¬ 
quencies (bands) with simple-to-use 
devices requiring only one or two low- 
voltage power supplies. There's no 
longer any excuse for not using anten¬ 
na-mounted power amplifiers, thus re¬ 
moving one of the last components of 
loss in the microwave system. 

summary 

The SOA is rapidly changing. Noise 
figures are rapidly approaching the ul¬ 
timate of 0.0 dB. Homebrew GaAsFET 
preamplifiers are now being used by 
Amateurs up through 3 cm (10.5 GHz) 
and perhaps higher. Some of the cir¬ 
cuit and construction techniques were 
described in this and last month's 
columns. 
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Commercial Amateur suppliers are 
now providing S0A GaAsFET preamp¬ 
lifiers up through 10.356 GHz. With the 
arrival of power GaAsFETs and the use 
of antenna-mounted receivers and 
power amplifiers, we'll soon have to 
rethink our antenna designs and meth¬ 
ods to aim our antennas accurately! 

new records 

In last month's column, I reported 
that the North American 3-cm (10 
GHz) DX record had just been broken. 
Since then, I've been able to confirm 
that a two-way QS0 took place on 
July 19, 1987 between Glen Elmore, 
N6GN/6, in Ball Rock, California 
(CM89PX) and Bob Dildine, W6SFH/6, 
in Mt. Frazier, California (DM05MS). 
They used narrow-band CW on 10.368 
GHz for a record-setting DX of 413.8 
miles (665.7 km). Both stations were 
running 200 to 300 milliwatts to 4-foot 
dishes, with 4.0-dB receiver noise 
figures. This was a joint effort with 
four other stations located throughout 
California. Congratulations to Glen and 
Bob on their new record! 

Next I want to apologize to Jim 
Crow, WA5ICW, for listing his call sign 
incorrectly in the last publication of the 
North American 5760-MHz DX 
records. 14 

Last but surely not least, the North 
American 6-cm DX record has recent¬ 
ly been extended. On July 4, 1987 
Tony Bickel, K5PJR, in Grove, Okla¬ 
homa (EM260P) and Larry Nichols, 
W5UGO/0, in Campbell, Nebraska 
(ENOOPH) had a two-way CW QSO on 
5760 MHz over a distance of 322.2 
miles (534.6 km). Both stations were 
running 5 watts to 4-foot dishes with 
2- to 4-dB noise figure receivers. Con¬ 
gratulations to Tony and Larry. 

silent key 

It is with great sorrow that I report 
that Willis (Bill) Conkel, W6DNG, an 
EME pioneer, passed away on July 13, 
1987. Bill was on one end of the first 
two-way, 2-meter EME QSO. He had 
developed many novel weak signal 
techniques and built over 30 different 
antenna systems before he accom¬ 
plished this feat. In a letter I just 
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received from 0H1NL, the other half 
of his history-making contact, Lennart 
told me how they had run 74 EME 
schedules before their first successful 
QSO. That's persistence! 

Bill had since moved from Long 
Beach to Lindsay, California. Ironical* 
ty, he was building up a new 2-meter 
EME station at the time of his death. 
I'll never forget our meetings together. 
We've lost a great experimenter and 
friend. $K . 

important VHF/UHF events: 

Decemtwi 13 Predicted peak of the 

Gemuuds meteor shower at 
1900 UTC 
December 20 New moon 
December 21 * 7 month, winter peak of 

sporadic. E propagation 
December 22 Predicted peak of the Uraids 

meteor shower at 2200 UTC 
December 22 EME perigee 
January 4 Predicted peak of the Quad- 

ranuds. meteor shower at 
0030 UTC 
January 19 New moon 

January 19 EME pen gee 

January 23 25 ARRL January VHP 

S weeps tak as Con tea t 
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ham radio 


TECHNIQUES 


The magazine was over 50 years 
old, but the photograph was quite 
clear. The young man was standing at 
a desk or drafting board, his head 
bowed in concentration. Several 
graphs and a slide rule were visible on 
the table. He was writing something 
on a piece of paper, oblivious to the 
photographer whose picture forever 
froze in time a glimpse of the young 
radio engineer at work (see fig. 1). 
Could he possibly have realized that in 
due course he would found a commu¬ 
nications manufacturing empire? 

Arthur A. Collins, 9CXX, had em¬ 
barked upon a risky business — mak¬ 
ing money manufacturing Amateur 
Radio equipment. Starting a new com¬ 
pany in the depths of the depression 
was uncertain enough. He was 
unknown to Amateurs at large, and 
the market he viewed was very small 
— fewer than 15,000 hams. And most 
of them had little money to spend on 
ham gear! Still, 9CXX’s reputation was 
good — good enough to spur an order 
for four T5-kilowatt, a-m/CW trans¬ 
mitters to be delivered to Admiral 
Byrd for his forthcoming Antarctic 
expedition. 

Why had the Admiral bought the 
transmitters from a relatively unknown 
source? One reason was that 9CXX 
had handled messages from Byrd at 
the North Pole when other stations 
couldn't make the contact. 9CXX had 
scheduled KEGK, the S.S. Chantier, 
at Spitzbergen on 37.5 meters and had 
also worked KNN, the Josephine Ford, 


Byrd's Fokker airplane as it flew 
towards the pole. The Admiral knew 
a capable fellow when he met one, and 
the upshot was that Art Collins built 
the greater share of the transmitting 
gear for Byrd's trip to the South Pole. 

design problems 

When 9CXX started designing trans¬ 
mitters for sale to hams, his experience 
in building his own station was invalu¬ 
able. He knew how unreliable ham 
transmitters were! It was an ongoing 
battle, he knew, to keep a 20-meter 
phone transmitter on the air — even 
a small one. And Byrd wanted kilowatt 
capability all the way up to 16 meters! 

In 1933 there were only a few 20- 
meter phone operators in the world. 
Other Amateurs looked upon these 
supermen with awe. Building a low- 
power 20-meter phone was an exercise 
in frustration. Tubes ran red in the 
breadboard rigs. RF skipped merrily 
through rf chokes and ran down power 
and microphone cables. The audio 
system squealed with feedback, 
meters banged against the pin, and 
very little rf ever reached the antenna. 
And the idea of building a kilowatt 
20-meter phone transmitter? Out of the 
question! One or two hams knew — 
or thought they knew — how to do it, 
but they kept their plans a secret, or 
so it seemed. 

Art Collins, however, had the con¬ 
cept of systems engineering in his 
mind decades before the term became 
popular. Years later, he told me that 



fig. 1. The young Art Collins. 9CXX and 
WOCXX, at his drafting table, working on 
transmitter designs for his new company. 
(Reproduced from Radio Magazine, August 
1933). 

he had broken the difficult design 
problem down into four areas: how to 
keep rf where it belonged in the trans¬ 
mitter; how to provide sufficient drive 
for proper phone operation; how to 
couple the energy to the antenna; and 
finally, how to pctckage the whole 
transmitter so that it could be shipped 
in working condition to the buyer. 

All of these concepts had been dis¬ 
cussed in greater or lesser degree in 
The Proceedings of the /./?.£., but no 
one had put the ideas together to con¬ 
struct a practical, inexpensive short¬ 
wave transmitter that would work on 
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a large number of frequencies under 
difficult operating conditions. 

Months before the Byrd contract 
arrived, a small ad appeared in the 
January 1932 issue of QST , announc¬ 
ing "crystal transmitters" of radically 
new design and capable of high out¬ 


put on 20 meters {fig. 2). The trans¬ 
mitters were supplied in kit form, with 
prices starting at $37.25. The adver¬ 
tiser was Arthur A. Collins Radio 
Laboratories in Cedar Rapids, Iowa. 

The next ad (in the March 1932 edi¬ 
tion of QS71 dropped the kit idea {fig. 


Crystal Transmitters 

Radically new design suitable for Class B modulation or 
high output C.W. on 14, 7 and 3.5 M.C. 

Consists of crystal-oscillator, buffer amplifier, and Class C 
output amplifier mounted on polished aluminum and hard 
rubber chassis with plug-in coils and plug-in crystal holder for 
quick change of frequency. Complete Kits, less tubes, crystal 
and power supply: 

210 Output.$37.25 203A Output. . , . $47.50 

852 Output. ... $47.25 

The smoothest, neatest little rig you ever saw — and what a 

Kick she hasl 

Immediate Delivery Write for data sheets 

ARTHUR A. COLLINS 

Cedar Rapids, Iowa Radio Laboratories, Inc.. W9CXX 


fig. 2. Collins kits? Yes. the first ad Art Collins ran in QST advertised transmitter kits. He 
soon saw the folly of this arrangement and thereafter sold only finished products! 


C OLLINS CRYSTAL 
• TRANSMITTERS 

are fasl becoming ihe popular choice of bolh (he old-llmer 
who has learned lo appreciate the value of Irouble-free, 
officiunl performance on all bands—and also ihe beginner 
who wards lo siarl rlghl. #W/ile al once for full details and 
photographs. Unils from $33.95 up wilh carrier powers of 
30 lo 300 walls. Also a complete line of power supplies, 
modulator and input equipment, relay racks, quarlz crystals, 
etc. 

Collins Radio Transmitters 

CEDAR RAPIDS, IOWA 

(Arthur A. Collins, W9CXX) 


fig. 3. Collins was now in the transmitter business. Note that he was also selling auxiliary 
components. The company had clearly outgrown the "laboratory'’ concept featured in the 
first advertisement. 


3). The lowest priced transmitter 
{presumably not a kit) was now only 
$33.95 and the company name had 
been changed to Collins Radio Trans¬ 
mitters. A complete line of power 
supplies, modulators, and "input 
equipment" was also listed. 

The ad in the May 1932 issue of QST 
suggested that the little company was 
now a successful business. Shown in 
the ad was a photo of a 150-watt, 
20-meter phone transmitter, resplen¬ 
dent with seven meters and mounted 
neatly in a steel rack {fig. 4). The 
price? A mere $285.70. {At the time, 

I mailed a penny postcard to Collins 
Radio Transmitters asking for full infor¬ 
mation. Alas, the $33.95 transmitter 


For Really 

FINE EQUIPMENT 



1 SOAVtttt 

Phone Transmitter 
Class D 
Modulated 


If If o rf 

K* s* 


it it 



— insist on COLLINS design 

». 

Send for Bulletin 100 describing 
complete transmitter* priced 
I mm $71,00 to $285.70, with 
power .supplies; or Bulletin UM 
lifting relay racks, power tram- 
iomicrs and full line of transmit¬ 
ting port*. 


Collins Radio Transmitters 

CEDAR RAPIDS, IOWA 


fig. 4. The 150 watt rack-mounted phone 
transmitter. Quality was so good that the 
little transmitter was bought by several 
South American broadcast stations. The 
sky-high price of $287.50 prevented many 
Amateurs from buying. 
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was now $73.60. Regretfully, I con¬ 
cluded I could never afford a Collins 
transmitter.) 

Finally, in early 1933 the Collins 
company announced the 30W trans¬ 


mitter (fig. 5). This was a neat, two- 
deck job, with four meters (meters 
were very important in those days). 
The price was $125.00 Almost as an 
afterthought, a companion modulator 


that would "make a phone that really 
does things" was offered as well. 

Interest in the 30W prompted Col¬ 
lins to make a complete, compact 
phone transmitter — the 32B. The 
price was held at $125.00. 

By mid-1933 the country was start¬ 
ing to come out of the depression. 
Business was picking up, unemploy¬ 
ment had dropped a bit, and people 
seemed to have a little money to 
spend. Enough Amateurs bought the 
Collins 32B transmitter — and liked it 
— to make Collins a "big name" in the 
communication industry (fig. 6). 

To hedge his bet, Collins also brought 
out a simple CW version of the trans¬ 
mitter, but sales were poor in compar¬ 
ison with sales of the phone version. 

rapid expansion 

By autumn of 1933 the Collins Radio 
Company was in full swing. A full-page 
ad in the November QST revealed an 
impressive line of transmitting compo¬ 
nents — transformers built to Collins 
specs by the Chicago Transformer 
Company. And in early 1933, the 
company announced the 150B phone 


The Collins 30W 

has wort enlhiiHianUt; users throughout the 
world. Amateur* everywhere Irnve put the 
3oW through the gruelling test of popular 
use —and it hn.i proved itself a winner. 

There arc good reasons for its nuceess: 
Correct design—Use of only the very beat 
materials—A DX range equal to Hint of 
larger transmitter#—And a price so attrac¬ 
tive that it is no longer an economy to build 
vour own transmitter from composite parts. 

Price r fleet iv« January I, 1933 

$125. 

Semi 25c In coin for the complete 
Collin.* manual 

Collins Radio 
Company 

CEDAR RAPIDS, IOWA 



SPECIFICATIONS i 

Owrtin iO wot*. I’ftMtitner Ruhmi 20. «9, tW t.J 
160 atlrrt. Coll. !«r '>«» 

T« M*s 24? OMilt.Ur, 24? »•«.». SUj Mfl 

Output Alan row**: 5 *lf gentiimi! Um am 4 tnt wwlt. 
Kmwii Spf*W CiirUw* CJiW'CImL Mwtwwi W«t.o 
iwfk* tn*. 

A Mi tun! COUJNS mmUt *m4* Ut 1$W t**toUU* 

I*I# 0**i*ti ea "—SStiitfJtvt IiniMliim «*f/i 
•l It jeo matt. 


fig. 5. The 30-watt CW transmitter was a success among well-to-do Amateurs. By redesigning 
the circuit, Collins produced the famous model 32A and 32B transmitters. Selling at the 
same price as the obsolete 30W, the 32B was an instant hit among DX phone operators. 


Two New 

Collins Transmitters 

32 A and 32 R 



At New Low Prices! 


|J i • 

UK « % < 

JttxjA \ Mi | * * 

$ must 4 wMittWiA 

♦ itv. a m 


In in rt-isimug ihc ili.nnruvr 

(j-jHiirr. ill rmi.irinMiiiM ami i|r»ij;n v»Jiir|i 
tnailr trait»iiMll*‘r» >.uj.1 ««mi|■ 

tiif. f ?,*■«■ ft.il /ufc.f nit it* emtio,!, mam 

in-w fftiiu ini'iil... I It*- .12 \ .ini it2 it an 
iHII'f tii-,,-riJn-il willi ,-itrttit iliiipi-iirti. in a 
fter ImllHin, rile tot it ion rr- 

ftnilil nmr |ir<-»<ni oiilfil. 


COLLINS RADIO COMPANY 

C.rtlu* KujihL. 


fig. 6. The Collins 32B was the first low 
power "all-band" Amateur phone transmit¬ 
ter that worked. Mine is stiff working — on 
160 meters. 



Fig. 7. The popular 150B-series transmitters used a state of-the-art rf deck that was includ¬ 
ed in higher power units as well (up to the kilowatt level). The three-stage circuit, built 
on an aluminum chassis and panel, utilized three plug-in coils to provide operation between 
1700 kilocycles and 15 megacycles. Power output was at least 100 watts at any frequency 
in that range. 
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transmitter, a 150-watt job that worked cycles (MHz). At last a workable 
on all frequencies up to 14.5 mega- 20-meter phone transmitter of moder- 



fig. 8. Hear view of the 150B deck. Tuning capacitors were above ground and mounted on 
insulating plates. Note the wirewound resistor across the power amplifier plate choke. This 
prevented a parasitic oscillation when the transmitter was operated at the lower frequen¬ 
cies. The buffer neutralization capacitor is mounted below deck, with shaft coming up 
through the deck. A single 203A "50-watt" triode tube was used in the amplifier stage. 



fig, 9, llnderview of 150B chassis shows Art Collins’s mastery of rf circuitry. Note the small 
parasitic chokes in the buffer stage circuit and the large parasitic choke mounted parallel 
to the front panel, near the 50-watt socket. Ample bypassing and use of rf chokes kept 
the radio energy where it belonged. All connections to the unit were brought out through 
the two ceramic sockets mounted under the chassis in one comer. All wiring was laced, 
and rf leads were angled in the approved fashion of the time. All bypass capacitors were 
encased mica units. (150B chassis from the W6SAI collection.) 


ate power had arrived! It sold for about 
$350. Best of all, low-power shortwave 
broadcast stations were buying the 
transmitters in increasing numbers! 

the Collins rf deck 

The secret of success was Art Col¬ 
lins's knowledge of rf circuitry, as re¬ 
vealed in the 150B. The circuit was 
quite conventional, and most Ama¬ 
teurs of that period could draw it out 
on paper from memory. But Art knew 
the tricks necessary to translate the cir¬ 
cuit diagram into a working transmit¬ 
ter (see figs 7, 8, and 9). 

The basic transmitter was first sold 
in early 1933, and with a few circuit 
and cosmetic changes, it remained in 
production until late 1935, when new¬ 
er tubes rendered the design obsolete. 
At the same time, band switching 
eliminated the old-fashioned plug-in 
coils. 

The circuit consisted of a 47-pen¬ 
tode tube as a crystal oscillator, two 
46 high-/* tubes connected in parallel 
as a doubler stage, or neutralized 
amplifier, and a single 203A, 50-watt 
triode power amplifier. A link coil was 
used to couple the amplifier to an ex¬ 
ternal antenna tuner. 

A circuit similar to this had appeared 
in the ARRL's Handbook for years. 
But that transmitter was a breadboard 
affair, and Collins built his on an alu¬ 
minum chassis to provide better ground 
return and improved circuit isolation. 
Interconnecting harnesses ran between 
the transmitter decks and important 
power leads were well bypassed to 
keep the rf where it belonged. 

Most important, Art Collins knew 
about and understood parasitic cir¬ 
cuits. Mysterious tube heating, unreli¬ 
able tuning, and loss of output power 
— a mystery to most Amateurs and 
even many manufacturers — were 
conquered in the 150B rf deck. Mass 
production of shortwave transmitters 
heretofore had been costly and frus¬ 
trating because each transmitter had 
to be debugged to get it on the air, and 
each debugging operation seemed 
different from the previous one! 

Not so with the Collins gear. An ex¬ 
ample of an early parasitic suppression 
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scheme is seen in the underchassis 
view of the rf deck. Today, the 
presence of a noninductive resistor 
and choke coil is commonplace in 
large, tube-type linear amplifiers. But 
that was a new and novel idea in the 
1930s. 

The reproducibility and docile tun¬ 
ing of the transmitter were so good 
that Collins advertised that the trans¬ 
mitter was factory neutralized, and the 
user wouldn't have to worry about that 
complicated adjustment! This was a 
refreshing change for Amateurs and 
professionals who had spent hours 
vainly trying to tame a wild and un¬ 
predictable amplifier! 

Art Collins, now W9CXX, had a- 
chieved what others had tried but 
failed to do. He marketed a shortwave 
transmitter that could be tuned up by 
the book and would work! The price 
was right. As international shortwave 
broadcasting became popular, more 
and more Collins ham transmitters 
were put to this use. Collins started 
making commercial versions of the 
ham transmitters, complete with speech 
consoles and studio equipment. (In 
1934 I visited YV3BC in Caracas, Ven¬ 
ezuela, and saw three Collins 150 watt 
phone transmitters adapted for short¬ 
wave broadcast service.) 

The big transmitters designed for 
the Byrd expedition were quickly 
adapted for broadcast and Amateur 
use (fig. 10). The company expanded 
into the broadcast field and, by World 
War 11, was a fixture in the communi¬ 
cations world as a reliable manufac¬ 
turer of communications equipment of 
all kinds. 

From 1932 to 1942, radio was dom¬ 
inated by this small, upstart company 
that grew from a one man shop into 
a giant in communications (fig. 11). 
World War H brought tremendous ex¬ 
pansion to Collins Radio, but I’ll leave 
it to someone else to tell the story of 
the company from 1942 on. 

These stories of "the good old days ' 
were gleaned from Art himself during 
our occasional meetings over the 
years. He had many more, but now 
they'll not be told. Art was a grand 
person, a good friend of the Radio 




fig, 10. The famous 2GB transmitter used by Admiral Byrd at rhe South Pole. A variation. 
Model 20C. was sold to Amateurs who could afford the $2700 price tag! The transmitter 
weighed well over 1000 pounds. W9BHT, XElG, and W2BSD owned the first three produc¬ 
tion models. 



fig. 11. With the 20B transmitter, the Collins Radio Company hit the jackpot. Many of these 
fine kilowatt phone transmitters were ordered by shortwave broadcasters. Shown in this 
rare photo is the early Collins production line assembling 20B transmitters. Thirteen wor¬ 
kers are visible in this picture; even in the depths of the Great Depression, the company 
was a success! 


Amateur, and a technical wizard. 
Those of us who knew him miss him 
very much. 


Art Coll/ns, W9CXX , died on Febru¬ 
ary 25, 1987. 
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DX FORECASTER 

Garth stonehocker, K0RYW 

DXing via the 
winter anomaly 

The increased signal absorption 
anomaly that results in five- to six-day 
periods of 20 to 40 dB weaker signals 
through the mid-to-high latitude prop¬ 
agation paths in winter has been the 
subject of previous columns. 1 , 2 

These paths provide our main com¬ 
munication links to European, Asian, 
and Japanese Amateurs. As discussed 
in the previous columns, there are ex¬ 
ceptions to this anomalous propaga¬ 
tion rule; these show up as areas of 
lower absorption and consequently 
higher signal strengths. These "win¬ 
dows'" can sometimes produce signal 
levels that exceed those received dur¬ 
ing the normal (optimum) winter low 
absorption periods. So to emphasize 
the positive aspects of wintertime 
DXing, let me summarize the DXing 
possibilities inherent in taking advan¬ 
tage of this phenomenon. 

Table 1 shows the forecasting se¬ 
quence of events that precede the 
good signals, and also when they're 
likely to be best. Anytime during the 
months from November through Feb¬ 
ruary — and possibly into March — 
look for the progression indicated in 
table 1. 

The absorption spreads as it rotates 
to the west, decreasing in latitude at 
the same time as shown in fig. 1 be¬ 
low. The rotation amounts to 30 de¬ 
grees (two time zones) per day and 
decreases in latitude from 65 to 30 
degrees in the five days of rotation. 

To take advantage of the decreased 
absorption that provides strong DX 
signals on east, west, and transpolar 
paths, one has to access WWV or the 
bulletin board to keep track of the daily 


geomagnetic A value during this win¬ 
ter season (mainly January). Continue 
keeping track after each A value of 15 
or higher until a STRATWARM is 
given; after that, consult your map or 
globe to follow the 90-degree position 
between the location given for the 
STRATWARM and its 180-degree 
companion. Coordinate your beam 
bearings and the DX path control 
points (1200 miles from the QTHs "on" 
the great circle) with the areas of low¬ 
er absorption on both or on at least 
one end. If the area isn't right for your 
DX on that particular day, you can 
forecast — at 30 degrees of longitude 


and lower latitude per day — when 
you can expect good results during the 
five to six days to come. 

last-minute-forecast 

The higher frequency bands, 10 to 
30 meters, are expected to be best the 
first and last weeks of the month, as 
well as during half of the preceding 
and following weeks. Look for good 
extra-long-skip transequatorial open¬ 
ings to the south during the second 
week, especially if some days of mild 
geomagnetic disturbance occur be¬ 
cause of the decreasing (relaxing so¬ 
lar pressure) solar flux. The third week 
of the month — plus a few days on 
both ends - is expected to be best for 
daytime short-skip and nighttime DX 
on the lower bands. Expect other 
geomagnetic-ionospheric disturbances 
around the 16th. 

The Geminids meteor shower, which 
will peak on December 13 through 14, 
will provide the richest and most relia¬ 
ble display of the year, with rates of 
60 to 70 per hour. Because optical ob¬ 
servations may be difficult or impossi¬ 



ble during periods of poor weather in 
December, actual numbers must be 
determined by radio reception. A 
smaller version of the shower will be 
noted on December 22. The full moon 
will occur on the 5th, and lunar peri¬ 
gee will occur on the 22nd. Winter sol¬ 
stice occurs on December 22nd at 
0946 UT. 

band-by-band summary 

Ten, twelve, fifteen , and twenty 
meters provide many openings during 
the daytime. As you go up in frequen¬ 
cy (i.e., into the higher bands) the 
openings will be shorter, centered 
around noon, and mainly toward south¬ 
erly directions. Fifteen meters is only 
a transition band between 12 and 20. 
Twenty meters, the mainstay daytime 
band for northerly directions will be 
useful towards the south in the eve¬ 
nings. Transequatorial openings might 
occur in evening hours to locations up 
to 2000 miles away if antenna radiation 
angles are down to 10 degrees. 

Thirty , forty , eighty , and one-sixty 
meters are all good for nighttime DX. 

(continued on page 94) 


Table 1. 

Sequence of events preceding best signals. 



Day 

Condition 

Result 


0-3 

Geomagnetic disturbance, A>15 

(Trigger} Auroral 

Zone weak signal 


3-5 

Warm region builds 

"STRATWARM EXISTS" 
(location) on WWV 


5-10 

Absorption rotates. 

Best signals 90 degrees 



spreads down 

from location 
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Receive 

Freq. 

Range 

(MHi) 

N.F. 

Gain 

1 dB 
Comp. 

Device 


Only 

(dS) 

(dB) 

(dBm) 

Type 

Price 

P28VD 

28-30 

<t.1 

15 

0 

DGFET 

$29.95 

P50VD 

50*54 

<1.3 

15 

0 

DGFET 

$29.95 

P50VDG 

50-54 

<0.5 

24 

+ 12 

GaAaFET 

$79.95 

P144VD 

144-146 

<1.5 

15 

0 

DGFET 

$29.95 

P144VDA 

144-148 

<1.0 

15 

0 

DGFET 

$37.95 

P144VDG 

144-146 

<0.5 

24 

T 12 

GaAsFET 

$79.95 

P220VD 

220-225 

<1.6 

15 

0 

DGFET 

$29.95 

P220VDA 

220 225 

<1,2 

15 

0 

DGFET 

$37.95 

P220VDG 

220-225 

<0.5 

20 

+ 12 

GaAsFET 

$79.95 

P432VD 

420-450 

<1.6 

15 

-20 

Bipolar 

$32.95 

P432VDA 

420-450 

<1.1 

17 

-20 

Bipolar 

GaAsFET 

$49.95 

P432VDG 

420-450 

<0.5 

16 

+ 12 

$79.95 

Inline (rl switched) 

SP28VD 28-30 

<1.2 

15 

0 

OGFET 

$59,95 

SP50VD 

50*54 

<1.4 

15 

0 

DGFET 

$56.95 

SP5GVDG 

50-54 

<0.55 

24 

+ 12 

GOASFET 

$109.95 

SP144VD 

144-148 

<1.6 

15 

0 

DGFET 

$59.95 

SP144VDA 

144-148 

<1.1 

15 

0 

DGFET 

$67.95 

SP144VDG 

144-148 

<0.55 

24 

+ 12 

GaAaFET 

SI 09.95 

SP220VD 

220-225 

<1.9 

15 

0 

DGFET 

$59.95 

SP220VDA 

220-225 

<1.3 

15 

0 

DGFET 

$87.95 

SP220VDG 

220-225 

<0.55 

20 

+ 12 

GaAoFET 

$109,95 

SP432VD 

420*450 

<1.9 

15 

-20 

Bipolar 

$62.95 

SP432VOA 

420 450 

<1.2 

17 

-20 

Bipolar 

$79.95 

SP432VOG 

420-450 

<0.55 

16 

+ 12 

GaAsFET 

$109.95 


Every preamp}!Her Is precfston aliened on ARR'a Hewlett Packard HPB970AJHP348A state-oMhe-art noise figure 
melon RX only preamplifiers are lor receive applications only. Inline preamplifiers are ri switched (for use 
with transceivers) ana henrte 25 watts transmitter power. Mount Intlne preamplifiers between transceiver 
and power amplifier for high power appf (cations. Other amateur, Commercial and special preamplifiers available 

In the MOOQ MHi range. Please include $2 shipping In 
a * U S, and Canada. Connecilcut residents ado 7* 'h % 

I1U VCinCfiu sales lex. C.0,0. orders add $2. Air mall to foreign coun< 

2 • add 10%. Order your ARR Rx only or Inline 

cei ve r pfeampUller today end start hearing like never before I 

Research 

Box 1242 • Burlington, CT 06013 • 203 582-9409 
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Thirty and 40 meters are the night fre- 
quencies for the east, west, and north¬ 
erly directions, and for distances of 
1600 miles if increased solar activity 
has occurred. With little solar activity, 
the IVHJF will approach 80 meters and 
signals will usually be stronger there. 
These bands should generally be quiet 
and stable, since thunderstorm activ 
ity is not pronounced and December 
is a geomagneticaliy tranquil month. 

ham radio 

Crystal 

J%T FUtors 
YEAR-END CLEARANCE 

| All starred ( ★ ) Items 20% off; all others 10%. 
Prices are each except as noted. All litters 8-pole. 
Sale ends December 31,1987. 

FILTERS FOR KENWOOD - Reg. $80 except ee noted. 

8 63MHz IF for models: T$i20 through TS940 
Bondwidths: 250. 400. 1800. *2100. 6000Hz 

TS440 * Pair <400Hz C W. 2 . 1K Hz SSB) Hug 5120 

TS430 * Triple (Both above plus AM| Reg. S180 

4S5KH* IF for RB20, TS830/930I940 ... Reg 5110 
Bandwidth Available: CW *400Hz; SSB *2.1 KHz 

Matched Filter Pelf* Idz Above . Reg. $170 pr. 

(8.83MHz end 455KHZ) SSB * 2100H*. CW. * 400H* 

3 395MHz IF lor TS520, TS511. R599. 

Baodwirtlhs Available: 250. 400. * 1800, 2100Hz 

Filter Cuettf* Kite wllh Filler end Amplifier 

For * TS430 S85. *TS520S80; *TS820 - Rog S70 

FILTERS FOR YAESU Reg. $60 except oa noted. 

3.18MHz IF for FT- ioi Senes ©Keep! 2/D 
BWS: 250. 500Hz. 18. *2.1. .2.4.8 0KH? 

6 2MH? IF tor FT 102. FT-757/76? 

Bandwidlhs Available • 250. 500, 2100Hz 

454KHz IF tor FT. 1021 *250,500Hz) . Reg $75 

455 K H 7 IF lor FT 102 ( * 2.1K H z| Reg $110 

8.9MHz lor FT J 0120/107,707/901 2. FT*980. FT77 
BWS: 250, 500Hz, 1.8. 2 1. * 2.4. 6.0KH,* 

10.76MHz IF lor all but 900. BWs 2.1. * 2.4KH* 

465IF lor FT980only BW *2.lKHz ... RegJIlO 

456 8 IF for FT-980. FT726: BW *500Hi Reg.S 75 

9 0MHz IF lor Tempo »(Of FT-200). FT.301. FT*7IB 
BWS: * 250. SOOHr. 1 8. *2.1.2.4, 6 OXHz 
NOTE; Above a/rj our homebr ewers' favorjlos" 1 

FILTERS FOR (COM (exact replecemenie) 

455 IF lot IC730/740/745/751. R70f?1 e<C 
Bandw.dlhs: FL44AISSB *2.4KHz| Reg, 5109 

FL52At500Hz|.FL53A(250Hz: Reg S85oa 

FILTERS FOR HEATH • ALL MODELS Reg. $65 

Bandwidlhs Available: 250. 400Hz * 1.8, 2 1KH; 

For SB 104 Only * 400Hz (3395.7 IF) 

FILTERS FOR DRAKE R-4C . Reg. $65 exc as noted 
GUFt -- Replaces oiiginal 1st IF 4-poift uml 
2nd IF 125 ($75>. 250. 4O0H2. 1.8, *2.lKHi 

FILTERS FOR DRAKETR7JR7,aic.Reg. S65 

BWs Available. 250. 400Hz. 1.8. *2.lKHz 

LIMITED QUANTITIES - ORDER NOW! 

Seles prices ere based on our p/sesnf afoeft. Orders 
for any axhauafed type of filter are subject to a 8-week 
delay. Order by phone to check aval la bill ly I 

SPECIFY Make and Model Nurnoer ol your H*g, 
Frequency and Bandwidth of fHter(S) 

ORDER by Mad or Phone — VISA/MC or COD OK 
SHIPPING: $5 US and Canada, $13 elsewhere 

GET THE BEST 8-POLE FILTERS 
FOR LESS! 

FOX-TANGO Corp. 

Box 15944, W. Palm Beach. FL 33416 
Telephone: (305) 683-9567 
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REVIEWS 


pc-pakratt terminal program 
for the PK-232 

One of the biggest problems many Hams en¬ 
counter in getting on packet radio is making their 
home computers "talk" to their TNCs. Despite 
the claims of software houses ("easy to use," 

"sets up in minutes!") . don't believe it. Un 

less you're a computer whiz, it doesn't happen 
that way ... or at least it didn't happen that 
way until AEA released its new MS-DOS Pack¬ 
et terminal program for the PK-232. Designed 
for those of us without ££ degrees, PC-PAK 
RATT allows use of the PK-232 with a minimum 
of hassle and problems. 

PC-PAKRATT will run on all IBM PC-XT or 
AT machines and most compatibles. You need 
to be running DOS 2.0 or a later version, have 
at least 320K internal memory, have a RS-232 
serial port, and two 360K floppy drives. If you're 
using a compatible and it will run one of the flight 
simulation games, chances are PAKRATT will 
work OK for you. 

PC-PAKRATT requires ROM chips dated 1987 
or later to work properly; if you have chips dated 
October 1986 or earlier, contact AEA for upgrade 
information. 

installation 

Before you begin, you'll want to make a work¬ 
ing copy to protect the original from mistakes 
or other glitches. 

Remove the batteries from the internal bat¬ 
tery supply. The PC-PAKRATT program will 
store your callsign and other important informa¬ 
tion on the program disk. Connect the TNC to 
your computer, boot your operating system, in¬ 
stall the PC-PAKRATT program, and you're just 
about ready to go. 

The first screen you'll see is Log On; with this 
one, you'll be able to choose the most appeal¬ 
ing or easy-to-read colors for the screen and text, 
select communications port 1 or 2, and set the 
TNC-to-computer baud rate. Hitting the space 
bar initiates communications between com¬ 
puters; in about 15 seconds you should see the 
main screen display. If there's a problem, the 
screen will give you an error message. A quick 
look in appendix A of the program manual will 
identify the error and suggest an appropriate fix. 

main screen 

Now that the program is up and running and 
the computers are talking to each other, it's time 
to learn all the subtle nuances of the program. 
AEA has tried hard to make the PAKRATT as 
simple and as easy to use as possible. Com¬ 
mands are straightforward and easy to remem¬ 
ber: P- print, R rename, S = erase, and so 
on. You can edit and browse using the B com¬ 


mand, and you can set up two user-defined files. 
Of particular interest, AEA has provided a "soft- 
key" or user-designed macro that can be used 
to save time as you enter repetitive commands. 
You can store as many as 20 different sequences 
of up to 256 keystrokes. 

mode screens 

The packet display is divided into three win¬ 
dows or areas. At the top, the status line lists 
transmission mode, link status, buffer status, link 
state, and several other important parameters. 
The second section, the receive window, dis¬ 
plays all the data received by the TNC. The third, 
the transmit window, the information you're 
about to transmit. 

A number of special keys are provided to help 
reduce the amount of time needed to make any 
command changes. FI brings up the HELP 
screen; F2 is AUTO CONNECT; F3 is CONNECT; 
and F4 DISCONNECT, and so on. 

The Morse, Baudot, ASCII, AMTOR, and 
FAX screens are similar in layout and operation. 
There are divided screens for both receive and 
transmit as well as plenty of special keys to en¬ 
hance and speed operation on each mode. These 
special keys are designed to simplify operation 
to the point that it’s hard to forget how to use 
the equipment even after a long layoff. You can 
also use your computer as a dumb terminal to 
facilitate PK-232 calibration and SIAM operation. 

As if that weren't enough, PC-PAKRATT will 
also emulate MicroPro's WordStar program as 
a screen editor program. You can create, modi 
fy, or examine most files in the system. You can 
also look at and make changes to the QSO 
buffer. 

conclusion 

All in all, this is a super program. When I first 
got "digitized," I spent hours setting up my sys¬ 
tem, then getting the computers to talk to each 
other. As of now, I've spent three hours trying 
to get a supposedly easy to-work dumb termi¬ 
nal to talk to the PK 232; it took about 10 
minutes to get PC-PAKRATT to work on my 
IBM-done computer. 

One distinction needs to be made. PC-PAK¬ 
RATT doesn't give you hundreds of unique fea 
tures that aren't found in other communications 
software packages. PC-PAKRATT does give 
you, however, everything you need to use the 
PK-232 to its fullest potential. It also greatly sim 
plifies operation through its carefully structured 
commands. And, I’m sure that as PAKRATT 
gets into the hands of more users, it will con¬ 
tinue to evolve in ease of operation and overall 
power. 

AEA has just announced the availability of a 
C 64 program that provides many of the same 
features as PC-PAKRATT. 

You can see PC-PAKRATT in operation at 
your local AEA dealer or contact the manufac¬ 
turer (AEA, 2006 196th Street SW, Lynnwood, 
Washington 98036) for more information. 

Circle #301 on Reader Service Card 

de N1ACH 


2x4Z BASE 
REPEATER 
ANTENNA 


THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 

146.500 MHz _ 

446.500 MHz V 

GAIN: I 

VHF - 8.2dB 
UHF - 11,5dB 
VSWR- 1.-1.2 or less 

CONNECTOR: 

N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 

WEIGHT: 5 LBS. 3 OZ. 

WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 

MAST 

CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 

CONNECTING 

JOINTS 

UPS SHIPPABLE 




AMATEUR SPECIAL 



1275 NORTH GROVE ST. 
ANAHEIM, CALIF. 92806 
(714)630-4541 

CABLE: NATCOLGLZ 
FAX (714) 630-7024 
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new 10- and 6-meter base 
station transceiver 

The new 1C 575A is a IOmeter and 6-meter 
dualtJband base station transceiver This wide 
hand, all mode base receives 26 to 54 MHz con 
tmuously and has 99 tunable full function 
memories, passband tuning, a notch filter, noise 
blanker, built-in SWR bridge, semi or full CW 
breakun and a multi function meter. The 1C 575A 
also has a velvet-smooth tuning knob and easy 
to read amber LCD readout with variable 
backlight. 



i 


Four scanning systems are available: band, 
programmable, mode and memory scan with 
selectable lock out (scans 99 memories in five 
seconds). 

All subaudible tones are built in, and the ac¬ 
tual subaudiblc; frequency is displayed. Standard 
repeater splits are built in and odd splits are 
programmable. 

For packet enthusiasts, the 1C 575A incor¬ 
porates DOS (Direct Digital Synthesizer). 

The 10 watt 1C 575A is similar in design to 
ICOM's compact base station line the 1C 735, 
1C 275A, 1C 275H and 1C 475A. 

Information concerning price and availability 
can be obtained by contacting ICOM America, 
Inc., 2380 116 Avenue M E., PCX Box C 90029. 
Bellevue, Washinytun 98009 9029 
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chip resistor and capacitor 
kits 

Communications Specialists. Inc. has in 
!reduced a series ol chip resistor and capacitor 
kits Intended as prototyping kits for engineers, 
they may also he used as parts kits lor repair 
technicians and experimenters. Kit CR 1 contains 
1540 pieces composed ol: 10 chip resislors ol 


every 5 percent value Irom 10 ohms lo 10 meg 
ohm 1145 values 0 ohm jumper), plus a bonus 
of ten additional resistors in the eight values of 
0, 10, 100 ohms; 1, 10, and 100 k, as well as 1 
and 10 meg, Resistors are 0 10-wan 0805 size 
to 3.3 megohms, find 0,125-wall 1206 size above 
3,3 megohms. Tolerance lor all is 5 percent, and 
each resistor is marked with its three-digit value. 

Kit CC 1 contains 365 pieces composed ol live 
chip capacitors of every 10 percent value Irom 
1 pF to 0,337*F (67 values), plus a bonus of live 
additional capacitors. 

Each kit sells (or $49.95; both are available 
lor immediate rielivery from stock. For a bee 
brochure describing both kits. Or to order, con 
tact Communications Specialists. Inc., 426 West 
Tafi Avenue, Orange, California 92665. 
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new packet options 

A new high-speed pc board packet modem 
option lor the Kantronics All Mode (KAMI and 
KPC 4. the 2400 Kantronics Modem"', plugs 
right in to existing KAM or KPC 4 boards lo pro 
vide optional 2400 bps packet operation, selected 
by use of the EXTMODEM command. When in 
stalled in the KPC 4 (only), use ol the ONE 
RADIO command permits mixed 1200/2400-bps 
data rates on a single frequency. The new 2400 
Modem retails for $69.95, 

Kantronics is also offering the Version 2.70 
feature enhancement update for existing KAM 
units and KPC packet units. The Version 2.70 
update adds the three KISS commands that 
make the KAM and KPCs TCP/IP networking 
compatible. Additionally, the update adds the 
popular Personal Packet Mailbox feature to each 
unit, allowing you and others to leave and re 
move messages in your packet or All Mode unit. 
The update is available lor the KAM Packet 
Communicator, KPC 2. KPC 2400. and KPC 4 
units lor $15,00, and Iree lo those who pur 
chaser I lower level units alter July 1, 1987 and 
can show a dated sales receipt. 

Asol July 31, 1987, Kantronics began provid 
jug additional features at no extra charge, all 
Kantronics KAMs and KPC packet units shipped 
from the factory included I he Personal Packet 
Mailbox, 32K RAM. and TCP/IP networking 


compatibility. Current KAM and KPC owners can 
add the Personal Packet Mailbox and TCP/IP 
compatibility to their unit for the special price 
of just SI5.00, a 32K RAM expansion chip is 
available lor $15.00. 

For more information, contact Kantronics, 
Inc., 1202 East 23 Street, Lawrence, Kansas 
66046 
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dual-band VHF antenna 
tuners 

MFJ Enterprises, Inc. has introduced two new 
dual band VHF antenna tuners that cover both 
the 144 MFIz and the new Novice 220 MHz 
bands. Both handle 300 watts PEP, match a wide 
range of impedances for coax-led antennas, and 
are built into rugged all aluminum cabinets paint 
ed eggshell white with a black top. 

The MFJ 921 has a built-in SWR /Wattmeter, 
measures 9x2x3 inches, and retails lor $69.95. 
The MFJ 920 measures a compact 4 1/2 x 2 
x 3 inches and retails for $49.95. 



Both come with a one year unconditional war 
ranty. If either is ordered directly Irom MFJ En 
terprises, Inc., it can be returned within 30 days 
for a full refund (less shipping and handling) il 
you're not satisfied. 

For additional information, contact MFJ En 
imposes, Inn. at P.O. Box 494, Mississippi Slate, 
Mississippi 39762, 
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tool cases, catalog 

Two new tool cases are leatuied in Jensen's 
new 160 page, lull color catalog. Rotalionally 
molded ol high density polyethylene, these Rota 
Lux and Rota Tough cases are available options 
lor Jensen's lool kits, including the top ol the 
line JTK 87 Electronic Service Kit lot field serv¬ 
ice engineers. 

Rota Lux and Rota Tough cases vary slightly 
in size and styling. All Rota Lux cases measure 
17 3/4 X 12 3/4. Rota Tough cases measure 
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17 3/4 X 14 3 7 4. Five models, differing in depth 
from 5 inches to 10 inches, are available. 

For information and a copy of Jensen's new 
catalog of electronics tools and test equipment, 
contact Jensen Tools. Inc., 7815 South 46th 
Street, Phoenix, Arizona 85044. 
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linear amplifier kit 

Heathkit's new SB 1000 linear amplifier pro 
vrdes a full 1000 watts PEP output on SSB or 
850 watts output on CW. It provides full HF 
coverage from 160 to 15 meters, including 80 
percent of rated output on the three WARC 
bands. The SB 1000 Linear Amplifier uses a sin¬ 
gle 3 500Z tube in a higlvefficiency circuit and 
has a hypersil steel E l core transformer for high 
performance operation. It also features a quiet 



computer style fan. a stifl full wave power sup 
ply with computer-grade capacitors, adjustable 
ALC, and plate and load controls with smooth 
vernier tuning. 

For more information about the SB 1000 Lin 
ear Amplifier and Heath's expanding line of 
Amateur Radio equipment, contact Heath Com 
pany, Dept. 150 955, Benton Harbor, Michigan 
49022. (In Canada, contact Heath Company, 
1020 Islington Avenue. Dept 3100, Toronto, On 
tario. M8Z 5Z3.) 
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scanner/computer 

interface 

The Engineering Consulting Model 727 S scan 
ner interlace tor the Vaesu FT 727R and the 
Commodore 64 computer provides a high quel 
ity, feature packed scanner. The entire radio 
channel memory can be loaded in under 15 so 
conris at 4800 baud. All parameters are stored 
and up to ten sets of ten channels can be 
scanned. Information can lie saved to disk, 
which allows 100 channels per disk. All ten mem 
ory groups can be scanned at once or individu 
ally, Scan lock out lor individual channels is 
provided. The scan speed and resume lime arc 


adjustable. All transmit and receive frequencies 
plus offsets and encode/decode sub tones can 
he input and load into mdio on command. Re¬ 
turn data from the FT 727R provides a full screen 
digital S-meter which may be used to stop the 
scan on preset signal strengths from S-1 to S9. 
A comment field is provided for each channel 
entered and is displayed while scanning the 
channel. All information for each channel pro 
grammed (in groups of 10) is simultaneously dis¬ 
played on the monitor. 

Once the channels are entered via the com¬ 
puter keyboard the information in any of the ten 
frequency groups may be downloaded to (lie HT 
for portable use. All 100 channels may be 
scanned as one group while under computer 
control. The model 727S is supplied with hard 
ware and software to operate with the Commo¬ 
dore 64/64C/C128/SX64 series of computers. 
The hardware interface includes the circuit 
board, components cables, instructions and con 
nectors necessary (in kit form). Assembly time 
is approximately 10 minutes, and it makes a great 
club project. 

For further information, contact Engineering 
Consulting, 583 Candlewood Street, Brea, 
California 92621, 


antenna rotor 

Encomm's new KR 1CI00SDX azimuth anten 
na rotor bom Ken pro includes features such as 
450degree rotation lor easy, speedy antenna 
pointing; North. South. East, or West centered 
readout capability; variable speed rotation con 
trol for last (less than 43 seconds) 360 degree 
rotation; and preset direction control with auto 
malic movement control. In addition, it features 
gentle antenna handling, with preset and soft 
landing automatic slowdown before slop; its 
weatherproof outside connector resists corrosion 
and decay ol wiring. There's room inside the 
control box for an optional computer interface 
board area. Limit switches at 450 degrees are 
included. 

KR 1000s (without preset and speed control) 
are also available. The KR 1Q00SDX is priced at 
$489.00; the KR 1000. $399.00. For further in 
formation, contact Encomm, Inc.. 1506 Capital 
Avenue, Plano, Texas 75074. 
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handheld meter 
training package 

The John Fluke Manufacturing Co,, Inc. has 
announced the availability of a video paining 
package designed to maximize the usefulness 
and salety of Fluke's 70 Series ol handheld dig 
ital multimeters. 

Tilled "70 Series Solutionsthe package is 
intended lor industrial or vocational training iip 


plications. In addition to a 15-minule video tape, 
it includes numerous classroom tools such as 
overhead transparencies, a }00 page instructors 
guide, and 25 student workbooks. 



The training emphasizes "hands on" exer 
cises, wilh only a minimal amount ol theory 
presented. Instead, examples of how lo make 
a wide variety ol basic measurements accurately 
and safely are given by demonstration. Many ol 
the unique features ol the 70 Series DM Ms are 
also explained. 

For details, contact John Fluke Manufactui 
ing Co.. Inc., P 0. Box £9090. Everett, Washing 
ton 98206. 
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Bilal relocates 

Bilal Company, maruilaclnrei ol Isotron an 
tennas lor 160 through 10 meters, has moved 
hum Oklahoma to Colorado, Owner Ralph Bilal 
reports that the new location is great, and that 
the company has enjoyed a very busy summer 
season, despite the move. 

The new address is: Bilal Company, 137 Man 
Chester Drive, Florissant, Colorado 80816. 
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(HN) 

AA4LL p 49. Oct 84 

C 64 and GLB PK 1 interlace circuit 
W2EHD p 87, Mar 87 

CAT control system for the Yaesu FT 
757GX 

SM6CP! p 26. Nov 87 

Computer control of ICOM R-71 27!, 

47i, and 751 radios 
NG6Q p 47. Apr 86 

Extending receive coverage for the 1C 02 
and IC-04 

WB6GTM p 77. Jul 86 

Comments W86GTM p 6, May 87 

Ham radio techniques 
W6SA/ p, 63, May 84 

Ham radio techniques, fifty years ago 
W6SAI p 58, Jun 84 

Ham Radio Techniques: "white noise" 
revisited 

W6SA1 p 79. Oct 87 

Heath HX1681 

W2UWO p. 83. Sep 83 

Improved gam distribution for the Yaesu 
FT 726R 

KlZJH p. 53. July 87 

Comments Kudos for Kantronics 
WB3EXR p 6. June 87 

Improving the audio on the ICOM IC-27 
KD8KZ P 29, Jan 86 

IC2AT. carrying case for (HN) 

W6XM p 62. Aug 83 

KWM2. RIT for the (HN) 

KH6JF p 109, Jul 84 

Modifying the Trio-Kenwood TS-930S 
WB9BXT p 67, Apr 86 

Modifying the Yaesu FT-301 for 30-meter 
coverage 

AF90 p 42. Mar 86 

Practically speaking, now that the war¬ 
ranty has expired 

K4IPV p 67 Sep 85 

Comments, W5QJM p 8, Nov 85 

RDF, An improved 

K0OV p, 67, July 87 

Simple IC-735 to C-64 interlace 
N7ICW p 39, Mar 87 

Simple modificaiions and adjuslments 
for the TS-930S 

W6FR p 19, Apr 07 

Ten-Tec Corsair modification (HN) 

N3BEK p. 62, Apr 84 

Thumbwheel frequency selector for the 
Yaesu FT-757GX 

KA9SNF p, 33, Nov 87 

Triton IV, 30-meter operation (HN) 

AA4LL p 60, Jun 83 

TR-2500/2600 2-channel programming 
(HN) 

K9MLD p 128, Ocl 85 

TS-430S IF filter mod (HN) 

KB0CY p 125, May 84 

TS-930S headset audio, increased un 
distorted (HN) 

W6FR p 128, Oct 85 

Using an RTTY terminal unit with the 
Healhkit HO4040 TNC 
AA8V p. 59, Aug 86 

COMPUTER- 
AIDED DESIGN 

Bandpass filter design, mterdigital, 
computer-aided 

N6JH, Monemzadeh p 12, Jan 05 

Short circuit p 117, Jun 05 

Computer aided design of long VHF 
Yagi antennas 

VK4ZF p 28 May 86 

Design a no-tune amplifier with your per¬ 

sonal computer 

W7DHO p 8, Sep 87 


Designing Yagis with the Commodore 64 
N0CAO p 107. Jan 86 

Direct currents reduce core permeability 
K5BVM p. 58, Jul 86 

Short circuit p 87. Jul 86 

Gamma matching programs for the 
C-64/128 

N0CAO p 87, May 87 

Linear design by computer 
W4MB p 37 Feb 87 

Low-cost pc board layout software 
Freeman. Eva p 8. Oct 87 

Remote repealer programming using a 
computer and a telephone 
KD9BC p 89 Mar 86 

RF filters. Build narrowband 
WB4EHS p 10 Mar 86 

Short Circuit p 36. Jun 86 

Solving transmission line problems on 
your Commodore 64 
K9CZB p 74 May 86 

Top-down filter design 

VE5FP p 4v jan 8 7 

VHF Yagi CAO on the C-64 
W4PFZ p 74. May 86 

Comments Yagi design program 
W6N8I p 6. May 8 7 

Yagis. designing with the Commodore 
64 

WA3EKL p 59. Jun 85 


CONSTRUCTION 

TECHNIQUES 

Advanced CW processor 
W6NRW p 25. Dec 86 

Air-wound coils, constructing 
W7BKE p 37 Aug 84 

Antenna carriage and track pole mount 
KB3K p 46. Aug 83 

Antenna hmge 

N4LI p 70. Aug 83 

Audio filter building blocks 

KB0CY p 74. Jul 83 

Short circuit p 92, Nov 83 

Battery charger. NiCd. constant current 
a pulsed 

K2MWU p 67, Aug 85 

Build a better box 

Gruchafla Michael p 45 Aug 84 

Build narrowband RF filters, Comments 
W84EHS p 9. Sep 86 

Bulkhead connector (HN) 

K9CZB p 78, Apr 85 

Shod Circuit p 74. Jul 85 

Carpel samples m the ham shack 
KlZJH p. 82. Sep 87 

Cooling semiconductors part i design 
mg and using heatsinks 
Martin, Vaughn D p 33. Jul 84 

Cooling semiconductors part blowers 
and fans 

Martin, Vaughn D p 52, Aug 84 

Custom resistors, nomogram design 
WA5EKA p 68, Jun 83 

Design an amplifier around the 3CX- 
120QA7 

W7DHD p. 33, Dec 87 

Dummy load, DC 

W4MLE p 91. Apr 85 

Elevation indicator, inexpensive 
W5JTL p 67, Jun 85 

G O.E S reception a simple approach 
WA4WDL p 46. Jan 84 

Ham notes Waterproofing fittings 
W4MLE p 101. Nov 86 

Heatsink cootmg fan (HN) 

W6XM p. 22, Jul 83 

Comments, W2GH p. 8, Ocl 83 

Comments. DJ4BZ p 12, May 84 

High-frequency dummy load (HN) 
W1KWE p 64. Jun 84 

IC2AT, carrying case for (HN) 

W6XM p 62, Aug 83 

Inductance equation, a different ap¬ 
proach (HN) 

K4KI p 116. Dec 84 

Junk-box ingenuity; how to buy, use. 
and recycle surplus electronic parts 
WB4EHS p 32, Aug 84 

Low-cost pc board layout software 
Freeman, Eva p. 8, Oct 87 

Make a homebrew sheet metal brake for 
chassis construction projects 
WB6BIH p 43. jun 86 

Microstnp impedance program 
K8UR P 84. Dec 84 

NE5205 wideband amplifier 
Gruchalla p 30. Sep 86 

Short circuil p 72, Jan 87 


99 


December 1987 



Passive audio filter design, pari 1: devel¬ 
opment and analysis 
Niewiadomski, S. p. 17, Sep 85 

Polymer film transforms mechanical en¬ 
ergy to electrical energy 
WA4KFZ P. 55, Dec 84 

Power FETs: trend for VHF amplifiers 
Peters, Daniel and W7PUA 

p. 12. Jan 84 

Practically speaking: Keep it cool 
K4IPV p 75, Apr 86 

Practically speaking parts sources 
K4IPV p. 78, Nov 86 

Practically speaking: grounding and 
shielding, pt. 1 

K4IPV p. 47. Apr 87 

Practically speaking grounding and 
shielding, pt. 2 

K4IPV p. 81. May 87 

Comments grounding and shielding 
KA8DKT p 6. Aug 87 

Quick fix tor soldering irons (HIM) 

W2YW p. 62, Apr 84 

Reflected power limiter 
K4KI p 63. Jut 84 

Rewinding transformers with CAD 
W6WTU p. 74. Mar 87 

RF filters. Build narrowband 
WB46HS P- 10. Mar 86 

Short circuit p 36. Jun 86 

Silk screen techniques, make your own 

board using 

W3QOM p. 83. Nov 84 

Silverplating, safe, sensible 
K9EYY p. 29, Feb 85 

Sofar power for your ham station 
NH6N p 14, Dec 84 

Superhet cotlset, design with a micro¬ 
computer 

Sterrenburg, F.A.S p 113, Nov 84 

The Guerri report: pc boards 
W6MGI p. 109, Sep 86 

Turns per inch from wire size (HN) 

K8UR p 97, Dec 83 

Universal analog breadboard, A 
Gruchella, Michael p. 85. Jun 86 

ZX-81/TS1000 controller: new use for old 
computers 

N9NS p 31, Dec 86 


DIGITAL 

TECHNIQUES 

Amateur FSK A spectral analysis 
WA6NCX p 42 Oec 86 

AMTOR. AX.25. and HERMES a per¬ 
formance analysis of three systems 
W9JD p 63. Dec 85 

Commenls. G3PLX p 9. May 86 

Annunciator bell for the Kanlronics KPC-2 
KfZJH p 22. Aug 86 

Audio filter design, computer-aided 
KE2J p 15, Oct 85 

AUTOTRAK, simple rotor interface board 
for the C-64, VIC-20 and applicable to 
other popular computers 
K7NH p 10. Dec 87 


Get on SSTV-with the C-64 

I2CAB and I2AED, edited by K9EI 

p 43, Oct 86 
Short Circuit p 97, Oct 87 

HP-IL serial loop 

Martin, Vaughn D p 101, Apr 84 

Improving the WB3CEH programmable 

callsign identifier (hn) ,, 

KL7XO p 82, Sept 87 

Comments Packet board update 
VE3LNY p.6. Jan 87 

Packet radio part f 

KV7D, KV7B p 14. Jul 83 

Packet radio part 2 
KV7D. KV7B, WA7GX0 p. 18. Aug 83 
Packet radio and area networking 
WB3JZO p. 38, Dec 84 

Packet radio, automatic frequency and 
deviation tester 

WB20SZ p 41. Dec 85 

Packet radio primer 
WA1FHB p. 30. Dec 85 

Packet radio: the software approach 
W4UCH p. 63. Sep 84 

Packet radio TNC lor the IBM PC 
VE3LNY p. 10. Aug 86 

PL lone generator, a programmable 
WB0VSZ p. 51, Apr 84 

Short circuit p 1 25, May 84 

RAM drive for packet radio 
ADl8 p. 44, Dec 87 

RTTY reader, interrupt-driven 
KN4L p 72. Sep 84 

Run RTTY on your Timex 

NU4V p 110. Apr 85 

Run RTTY on your VIC-20 
W5TRS p 120. Apr 85 

Satellite tracker, digitally-controlled 
KA80BL p. 102. Sep 85 

Smith Chart impedance matching on 
your Commodore 64 
WA9GFR p 120, Oct 84 

Software piracy (letter) 

Forsyth. Mike p. 8, Sep 84 

Spread spectrum and digital communica¬ 
tion techniques a primer 
N9N8 p 13, Dec 85 

The Guerri report computer technology 
W6MGI p. 54. Nov 84 

Short circuit p. 8, Dec 84 

The Guerri report: signal processing 
W6MGI p. 158, Dec 84 

The Guerri report 

W6MGI p 124. Jan 86 

The Guerri report 

W6MGI p 125, Apr 86 

Thumbwheel frequency selector for the 
Yaesu FT-757GX 


KA9SNF 

p 33. Nov 87 

True frequency digital readout tot the 

HW-tOl A 


NU4F 

p 8, Jan 87 

Short circuit 

p 4 1. Aug 87 

Using an RTTY terminal unit with the 

Heathkit HD 4040 TNC 


AA8V 

p 59. Aug 86 

VIC-20 printer (HN) 


W2QLI 

p 88 Sep 84 


CAT control system for the Yaesu FT- 
757GX 

SM6CPI P 26. Nov 87 

Commodore 64. $100 printer (HN) 

W2QLI p 86, Aug 85 

Computer control of ICOM R-71. 271, 
471, and 751 radios 


FEATURES 
AND FICTION 

Electromagnetic jargon generator, state- 
of-the-art 


NG6Q p. 47, Apr 86 

Comments: Continuous phase tones 
G3VMR p 6. Aug 87 

Deluxe logic probe 

M Wilde P 74, Jan 87 

Digital can do more, Comments 
KA4JFO P 9. Mar 86 

Digital clock, build a fail-safe 
K1MC P 54. Oct 85 

Digital frequency readout using the Com¬ 
modore 64 

W3NNL P 83. Nov 85 

Digital HF radio a sampling of tech 
mques 

KA2WEU/DJ2LR p 19. Apr 85 

Short circuit P 121 . May 85 

DTMF controller for repeaters 
WB4FXD P 4 7, Sep 85 

Elmer s notebook An introduction io 
digital communications 
Wf SL p 92 Jul 8/ 

Elmer's notebook An introduction to 
AMTOR 

W1 SL P 101. Sept 87 

Elmer's notebook packet radio 
WiSL P 100, Oct 87 


N6TX 

p 75, Apr 

Ham radio techniques 
W6SAI 

p 66, Jan 

Ham radio techniques 
W6SAI 

p. 77 Feb 

Ham radio techniques 
W6SAI 

p 47. Mar 

Ham radio techniques 
W6SAI , 

p. 52, Apr 

Comments, W6DKZ 

p 8, Dec 

Ham radio techniques 
W6SA1 

p 52, May 

Ham radio techniques 
W6SAI 

p 46, Jun 

Ham radio techniques 
W6SAI 

p 42, Jul 

Ham radio techniques 
W6SA! 

p 40. Aug 

Ham radio techniques 
W6SAI 

p 41 Sep 

Ham radio techniques 
W6SAI 

p 64, Oct 

Ham radio techniques 

Ever work a 

WiO? 

W6SAI 

p 43. Feb 

Short circuit 

p 50, Apr 


85 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

87 

87 


Ham radio techniques Xingiang Province 
the last frontier 

W6SAI p.55, Apr 87 

Interview with Dr Kenneth Davies 
K2RR p. 28, Jan 83 

Q signals (letter) 

W4MB p. 8, Feb 83 

The arduous realization 
W7SX p. 29. Dec 87 

FILTERS 

Simple VHF/UHF multiple quarter-wave 
filters 

WA3EWT p 37 Sept 87 

Top-down filter design 
VE5FP p. 41, Jan 87 

FM AND 
REPEATERS 

Autopatch, simplex 

WB6GTM p 42. Jan 83 

DTMF controller tor repeaters 
WB4FXD p 47. Sep 85 

FM advantage 

WA9GDZ6 p 38, Sep 84 

FM repeater separation 20 kHz, Yes. 15 
kHz. No 

WD5IBS p. 12, Aug 85 

%Forget memory, Ni-Cd discussion 

K0OV p. 62, Jan 83 

IC 255A switching circuit (HN) 

WB6IQV p 70, Jan 83 

Comments. WA4MZZ p 8, Jun 83 
Improved repeater/transrwuer noise per¬ 
formance (HN) 

K1ZJH p. 104, Apr 86 

Linear translators 

WB6JNN p 14, Sep 83 

Microprocessor repeater controller 
KB5F p. 56, Apr 83 

Remote repeater programming using a 
computer and a telephone 
KD9BC p. 89, Mar 86 

Repeater antenna beam tilting 
K7NM p 29. May 83 

Short circuit p. 80. Jul 83 

Repeater etiquette (letter) 

WIOLP p 8, Oct 83 

Repeater, high-tech designing and 


budding an FM translator 


WA6CAY 

p 82, Feb 85 

Repeaters, speech synthesis for 

N9EE 

p 79. Mar 84 

Repeaters, three circuits tor (HN) 

N9EE 

p 9i, Jan 84 

Squelch, smart 


W6NRW 

p 37, Jun 83 

State-of-the-art aulo dialer 

K2MWU 

p 21, Dec 83 

Short circuit 

p 10, Feb 84 

Short circuit 

p 10, Mar 84 

Comments, WD9EIA 

p 8, Feb 83 

Tone burst generator for 

European re- 

peaters, A 


WA3EEC 

p 88, Jul 86 

Comments, K2MWU 

p 8, Feb 83 

Touch-tone decoder 


KC9C 

p 27, Apr 83 

ZIA connection: a multi-state 2-meter re- 

peater link 


K5XY 

p. 30. Oct 86 


HAZARDS 

AC line transient protection 
N6JH p 59, Apr 06 

Electric shock, the effects and treatment 
of 

NY6U p. 85, Mar 84 

Lightning and electrical transient protec¬ 
tion 

KR7L p 73. Dec 83 

When hazardous waste comes home 
PCBs in the ham shack - 
KA1LBO p 42, Dec 83 

INTEGRATED 

CIRCUITS 

FSK tone generator using an 1C tone di¬ 
aler (HN) 

Nagel, David p 88, Apr 83 

Low-pass tiller, integrated circuit 
WB2KTG p 59, Jan 85 


Static electricity and modern integrated 
circuits 

K4KEF p 33, Mar 84 

The Guerri Report: superchips come of 
age 

W6MGI p.126, Feb 85 

The Guerri report 

W6MGI p. 124, Jan 86 

The Guern report microchips 
W6MGI p. 109, Jul 86 


KEYING AND 
CONTROL 

Call sign identifier: programmable 
WB3CEH p 33, Feb 85 

Ham radio techniques 
W6SAI P 106, Oct 84 

Improving the WB3CEH programmable 
call sign identifier 

KL7X0 p. 82. Sep 87 

Keyer. simple, compact QRP 
(weekender) 

W5FG P 82, Oct 84 

Latching relay r.onirof (HN) 

K6HTM p. 94, May 83 

Low-power keyer and interface 
K1 HOP P 68 Feb 83 

Short circuit P- 97. Aug 83 

Microprocessor repeater controller 
KB5F p 56, Apr 83 

Micros and VHF beacons transmit 
messages automatically 
K9EI p 51, Jul 85 

Morse Code tutor 

N3SE p. 45, Jun 85 

Morse keyboard an easier approach to 
mastering the 

W1KZ p 80, Apr 84 

Morse time synthesis 
N3SE p. 17, Apr 83 

Remotely controlled stations: a look at a 
successful remote base 
WA6EJO p, 48. Sep 86 

Remote control hf operation 
K5QY p 32, Apr 83 

Short circuit p 97. Aug 83 

Sending CW 

KA4GVK p 75. Jun 83 

Solid-state CW T-R system 
W4RNL p 62. Mar 83 

Testing baluns 

K4KJ p 30. Aug 83 

MEASURE¬ 
MENTS AND 
TEST 

EQUIPMENT 


An i-f sweep generator 
W2ZUC p 101, Jan 87 

An rl voltmeter 

G4COL p 65. Ncv 87 

BC221. unusual 

VK2ZH p 22. Jon 83 

Bridge measurements, the half wave 
transmission line in (HN) 

K4KI p 108 Nov 84 

Capacitive-reactance meter multiplier 
(HN) 

K4KI p 89. Apr 83 

Continuity tester, simple 
WD6GMB p ’30 Sep 85 

Deluxe logic probe. A 
M Wilde p 74 Jan 87 


Oetailed look at probes 
Martin, and Davis p 75. Sep 85 

Detector, logarithmic, wideband 
PA0CX/DJ0SA p 75. Jul 85 

Diode tester (HN) 

W20LU p 90. Apr 83 


Dual wattmeter, 50-500 MHz 
WB4EHS p 67 Jul 85 

Efectncal calibration standards 
Martin. Vaughn P 10 Oct 83 

EMI/RFi shielding new techniques part 

1 

Martin, Vaughn D p 72. Jan 84 

EMI/RFi shielding new techniques part 

2 


Martin. Vaughn D p 85 Feb 84 

Extended range VU meter 
WB6JNN p 59 Sep 86 

Field strength meter, sensitive 

K4KI p 51 Jan 85 

Filter tester, simple (HN) 

W6XM p 1 16 Dec 84 


December 1987 



101 




Frequency counter, "smart” 

The Guerri report signal processing 

Electromagnetic interference and the 

Practically speaking: 

battery problems, 

WA5VQK 

p 41 Oct 84 

W6MGI p 156. Dec 84 

digital era 


pt 1 


Short circuit 

p 126. Apr 85 

Time and frequency standards: part i 

K3PUR 

p 114. Sep 84 

K4IPV 

p. 62, Jul 87 

Frequency and level standard 

Martin, Vaughn D. 36, Nov 83 

EMIRFI shielding: new techniques part 1 

Prerecorded messages help the hearing 

PA0CX 

p. 10. Jan 86 

Time and frequency standards: part 2 

Martin, Vaughn D 

p 72, Jan 84 

impaired (HN) 


Comments, WA8LLY 

p. 9, Jun 86 

Martin, Vaughn D. p 31. Dec 83 

EMIRFI shielding: new techniques part 2 

W2QLI 

p 87. Sep 84 

Ground rod resistance 


Transmitter tuning aid buffer your load 

Martin, Vaughn D 

p 84. Feb 84 

Quartz crystal resonators 

K4MT 

p. 95, Jul 84 

with this resistive network (weekender) 

Filters (letter) 


Boddaert, Peter 

p. 85, Feb 86 

Comments 

p. 8, Sep 84 

K4KI p 52, Feb 84 

W6XM 

p. 8, Feb 83 

Resonant circuits 


Ham radio techniques: time and frequen- 

Tune-up method, low duty-cycle for 

Comments, W3NQW 

p 8, Apr 83 

WQ4C 

p 12, Apr 84 

cy station WWVS 


transmitters (HN) 

Filter design, graphic 


RFI filters. Build narrowband 

W6SAI 

p 37. Jun 87 

K4KI p. 62. Aug 83 

W6NRW 

p 37, Apr 84 

WB4EHS 

p 10. Mar 86 

High-frequency receiver performance 

Comments. W5XW p 11, Dec 83 

Short circuit 

p 13. Jul 84 

Short circuit 

p 36, Jun 86 

G40BU 

p 33, Feb 84 

Comments, K4KI pit, Jan 84 

Function Generator: circuits from your 

RFI, solving the problems of 

HP-IB greatly simplified 


Tuneup, safe, silent 

signal generator-part 

1 

W2YW 

p 124, Sep 84 

Martin, Vaughn D. 

p 65, Mar 84 

K4KI p 123, Dec 84 

K41PV 

p 67, Dec 86 

Russian Woodpecker, the a continuing 

IF sweep generator, compact 

Two-tone signal generator 

Ham radio techniques 


nuisance 


PACCX/DJ0SA 

p 35, Jun 85 

YB9ATA/WA7AQN p 25, Feb 86 

W6SAI 

p. 63. May 84 

KR7L 

p 37, Nov 84 

Impedance matching 


Short circuit p. 45. Apr 86 

Ham radio techniques, fifty years ago 

Solar power for your 

ham station 

WB2NTO 

p. 85. Jui 83 

Short circuit p 36. Jun 86 

W6SAI 

p 58. Jun 84 

NH6N 

p 14. Dec 84 

L and C measurements 


2 3 GHz prescaler 

Ham radio techniques 


Short circuit 

p. 145. Mar 85 

WB6ZLN 

p 117, Oct 84 

N6JH p 21, Jan 87 

W6SAI 

p 106, Oct 84 

The Guerrr report computer technology 

Logic mate 


Understanding noise figure 

Ham radio techniques 


W6MGI 

p 54, Nov 84 

N9CZK 

p. 57, Jan 83 

Gruchalla, M p. 89, Apr 87 

W6SAI 

p 75. Jan 85 

Short circuit 

p 8, Dec 84 

Logic probe (HN) 


Using the Astro 103 as a frequency 

Ham radio techniques 


The Guerri report 


Rozenthal. J. 

p 91, Apr 83 

counter (HN) 

W6SAI 

p 59. Feb 85 

W6MGI 

p 124, Jan 85 

Low-cost spectrum analyze 

r wilh Kito- 

W4ATE p 69, Jun 83 

Ham radio tochniques 


The Guerri report si 

iperchips come of 

buck features 


VHF noise bridge, a 

W6SAI 

p 83, Mar 85 

age 


W4UCH 

p 82, Sep 86 

OE2APM/AA3K p 10. Jul 86 

Ham radio techniques: 

electron-hole 

W6MGI 

p. 126, Feb 85 

Measuring inductances 


VHF/UHF world 

theory exposed as fraud 

The Guerri report 


K6HIK 

p 85, Jui 83 

W1JR p 55. Oct 84 

W6SAI 

p 67 Apr 85 

W6MGI 

p 158, Mar 85 

Measuring noise figure 


Video monitor, inexpensive 

Ham radio techniques 


The Guerri report 


K2BLA 

p 26. Jan 84 

K8CG p. 12. Apr 83 

W6SAI 

p 66, May 85 

W6MGI 

p 157, Apr 85 

Measuring small values 


Comments, K9TA p 10, Aug 83 

Ham radio techniques 


The Guerri report: a 

busy signal from 

W6SDM 

p. 74. Aug 83 

SWR bridges 

W6SAI 

p 51, Jun 85 

space 


M/crophone calibration 


K2LB p 37, Mar 86 

Ham radio techniques 


W6MGI 

p. 165. May 85 

NY6U 

p 73. Jun 84 

Weather radar. 10-GHz 

W6SAI 

p 59, Jul 85 

The Guerri report predicting equipment 

NBS time and frequency survey 

K4TWJ p 61, Sep 83 

Ham radio techniques 


failure 


NBS 

p 45, Jun 87 

Wide range inductance meter 

W6SAI 

p 90, Aug 85 

W6MGI 

p 125, Jun 85 

Noise bridge, precision 


K9EBA p 52, Feb 83 

Ham radio techniques: 

1 have seen the 

The Guerri report 


K2BT 

p 51. Mar 83 

Wide-range RF power meter 

future and it works 


W6MGI 

p 124. Jul 85 

Comments 

p 8. Jun 83 

KA80BL p 24, Apr 86 

W6SAI 

p 91. Sep 85 

The Gjern report 


Short circuit 

p 97, Aug 83 

Wien Bridge oscillators, voltage- 

Ham radio techniques 


W6MGI 

p 124, Aug 85 

Ohmmeter. wide-range 


controlled Zener diode test circuit 

W6SAI 

p 75. Oct 85 

The Guerri report RF power supplies 

Bailey, John T 

p 53. Jan 84 

W3PHK p 52, Feb 83 

Ham radio techniques 


achieve high efficiency 

Panoramic adaptor spectrum analyzer 


W6SAI 

p 67, Nov 85 

W6MGI 

p. 157, Sep 85 

design notes 


MICRO¬ 

Ham radio techniques: 

9CXX revisited 

The Guerri report RF effects the good 

WA6NCX/1 

p 26. Sep 83 

W6SAI 

p 83, Dec 87 

and the bad 


Comments, K2CBY 

Short circuit 

p 12. Sep 83 
p 70, Oct 83 

PROCESSORS, 

Harmonic product detector for QRP 
transceivers 

W6MGI 

The Guerri report 

p 142, Oct 85 

PEP output power measurement 

VK3AFQ p 10. Jun 83 

COMPUTERS 

W5FG p 44. Jun 83 

Harmonics, Trapping stubborn 

W6MGI p. 140. Nov 85 

Two-tone signal generator 

Comments K4KYV 

p 12. Sep 83 

AND 

NlRC 

p 99. Jan 86 

YB9ATA/WA7AQN 

p 25. Feb 86 

Practically speaking 


Impedance matching a brief review 

Short circuit 

p. 45. Apr 86 

K41PV 

Practically speaking using 

p 79 Dec 85 
the right mul- 

CALCULATORS 

WD4C p 49. Jun 84 

KWM 380 external control circuit (HN) 

Short circuil p 36, Jun 86 

Comments 'Using the Spectrum Mon 

timeter 



WA2RUD 

p 96. Dec 83 

itor ' 


K4IPV 

p 95. Jun 86 

Microprocessor repeater controller 

Lightning location and detection 

KI6DW 

p 9. Nov 86 

Practically speaking using 

the mul- 

KB5F P 56. Apr 83 

VY1CW 

p 25. Sep 87 

Using CAD lo rewind transformers 

timeter 



Linear amplifier 3CX800A7 

W6WTU 

p 83. Dec 86 

K4IPV 

p 43. Jul 86 


K8RA 

p 17, Aug 84 

Using spreadsheet programs 

Practically speaking: using antenna 


Low-pass filter, integrated circuit 

ADiB 

p. 95. Dec 86 

noise bridge 


MISCEL- 

WB2KTG 

p 59, Jan 85 

Very sensitive LF or 

HF field-strength 

K4IPV 

p. 69, May 66 

Mobile theft delerreni. 

The Weekender 

meter 



Practically speaking lunction generator 
Circmts-part 2 

K4IPV p 89, Jan 87 

Practically speaking testing diodes 
K4IPV p 65, Feb 87 

Practically speaking' building the poo* 

man's spectrum analy/er 

K4IPV p. 99, Mar 87 

Practically speaking build your own 
time-domain refleclomeler 
K4IPV p 69, Jun 87 

Practically speaking, revisiting the poor 
man s spectrum analyzer 
K4IPV p 49. Sep 87 

Practically speaking: troubleshooting dc 
power supplies with anoscHoscope 
K4IPV p 57 Oct 87 

Practically soeaning usmq voltage com¬ 
parators 

K4IPV p 49. Nov 87 

Practically speaking: generating low i t 
frequencies 

K41PV p 49. Dec: 87 

QRP wattmeter (HN) 

W6XM p 1 10 JuI 84 

Receiver sweep alignment system 
WB6BIH p 124. Nov 84 

Reflected power limiter 

K4KI p 63, Jui 84 

Required dynamic range and design 
guides for EMf/RFI test receivers 
DJ2LR p 70 Nov 83 

Sensitive LF or HF field strength meter 
K1RGO 

Solid-state replacements 
AK7N 

Standing wave indicator 
GW8FKB 

Test OBMs tor diode leakage 
WB6BIH p 


p 67. Sep 86 
p 46 Apr 83 
p 97. Nov 83 
86. Jun 87 


LANEOUS 

TECHNICAL 

AlC circuits, improving amplifier' part 1 
WA8AJN P 40. Aug 84 

ALC circuits, improving amplifier part 2 
WA6AJN p 38, Sep 84 

Amateur FSK A spectral analysis 
WA6NCX p 42. Dec 86 

Audio to mioowave amplifier build youi 
own 

Gruchalla. Michael p. 12, Mar 84 

Bicycle-powered station 
W1BG p 25. Dec 84 

Branch-lme hybrid part t 
WA2EWT p t07, Apr 04 

Branch-lme hybrid part 2 
WA2EWT p 93 May 04 

Broadband ampliher attenuator 
W7SX p 59. Jul 86 

Build a 1 -1 GOO MHz amplifier using 
MAR 4 MMlCs 

WB6BIH p 33, Jul 87 

Buying topo maps. Comments 
K3SKE p 9. Dec 86 

Can | patent it' 3 

K2LZ p 8 Mar 87 

CATVI (letter) 

WB4NMA p 1 C. Aug 83 

Comments changing fundamental 
constants of science 
W4SXK p 6. Oct 87 

Communicating on 474.083 GHz (light 
wave communications) 

WA6EJO p 10. Dec 66 

Comments. W6JTH p 8, Jun 83 

Decibel defining the 
Gruchalla. M p 51. Feb 85 


p 67, Apr 86 
p 22, Mar 86 
p 73. May 83 


W6WTU p 81. Feb 87 

Modifying the Trio-Kenwood TS930S 
WB9BXT 

Monolithic RF amplifiers 
N6JH 

Mysterious spur on 160 
N3BEK 
Comments, K0KL, N3BEJ 

p 95. Nov 83 

NE5205 wideband RF amplifier 
Gruchalla. Michael p 30. Sep 86 

Short circuit p 72 Jan 87 

Neutralizing 572B final at 1500 watts 
output (HN) 

W2YW p 63, Jun 84 

Noise cancellation circuit 
K1RGO p 75. Mar 84 

Peaked lowpass a look at the 
ultraspherical filter 

W7ZOI p 96. Jun 84 

Phase modulator. PLL (HN) 

VE3FHM p 117 Jun 85 

Photovoltaic cells a progress report 

WD8AHO p 52, Dec 83 

Comments. K6KVX Sample 
Marlin, WD8AHO. WB4API 

p 10 Feb 84 

Polymer film transforms mechanical en¬ 
ergy to electrical energy 
WA4KFZ p 5b Dec 84 

Power FETs trend for VHF amplifiers 
Peters. Daniel and W7PUA 

p 12, Jan 84 

Practically speaking, repairing flood 
damage 

K4IPV p 95. Oct 85 

Practically speaking: mtermittents. pt. t 
K4IPV p 75, Nov 85 

Practically speaking: mtermittents, pt. 2 
K4IPV p 79. Dec 85 


K1RGO p. 67. Sep 86 

VHF/UHF world: the VHF/UHF primer an 
introduction to filters 
W1JR 

VHF noise bridge 
OE2APM/AA3K 
VSWR bridges 
K2LB 

VMOS on 1750 meters 
K1RGO 
Wide-range RF power meter 

KA80BL P 24. Apr 86 


p 112 , Aug 84 
p 10, Jul 86 
p 37, Mar 86 
p. 71, Oc? 83 


NOVICE 

READING 


Cheers from down under, Comments 
VK4QA p 9. Dec 86 

Ham radio technique 
W6SAI p 59, Dec 86 

Elmer’s notebook novice enhancement 
WlSL p. 95, Jun 87 

Short circuit p 95, Aug 87 

Elmer's notebook: 220 MHz 
WlSL p 91, Aug B7 

Elmer's notebook an introduction to AM 
TOR 

WlSL p 101. Sep 87 

Elmer's notebook packet radio 
WlSL p 100. Ocl 87 

Morse code computer tutor 

N3SE p 45. Jun 85 

New band privileges for Novice opera 
tors (letter) 

KACDOE p. 15. Sep 85 

Comments. W3YBF p 9. Jan 86 
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Commenls, KD0EV 

p 9, Jan 86 

Comments, WD5H 

p. 9. Jun 86 

Novice privileges (letter) 


WB9IVR 

p. 9, Oct 85 

Practically speaking 


K4IPV 

p 79, Dec 85 

Reflections: Novice enhancement and 

the 220 MHz band 


W9JUV 

p. 4, Apr 87 


OPERATING 

Battlefield, the (letter) 


W0WL 

P 8, 

Jun 

83 

Buying topo maps, < 

Commenls 



K3SKE 

p 9, 

Dec 

86 

Carrier-operated CW reception limiter 


W6NRW 

p 113, 

Sep 

85 

CATVI (letter) 




WB4NMA 

p 10, 

Aug 

83 


CW zero beat indicator for transceivers 
W6KVD p 88, Mar 83 

Comments OARC awards reformation 
K1RH p. 6. Jul 87 

Elmer's notebook 220 MHz 
W1SL p 91. Aug 87 

Short circuit p.95, Aug 87 

Elmer s notebook an introduction to 
AMTOR 

WISL p 101, Sep 87 

Elmer's notebook; packet radio 


WISL 
Ham radio techniques 
W6SAI 


p. 100, Oct 87 


p 66, Jan 83 
p 65, Nov 83 
p 81, Dec 83 
p. 58, Sep 84 
p 67, Jan 86 
p 65, Feb 86 
p 63, Mar 86 
p 42, Apr 86 
p 39, May 86 
p 30, Jun 86 
p. 66. Jut 86 
p 43, Aug 86 
p 42, Sep 86 
p 38, Oct 86 
p 73, Nov 86 
p 59, Dec 86 

Ham radio techniques: BY0AA revisited 
W6SAI p 53, Aug 87 

Ham radio techniques: a new country for 
you? 

W6SAI 


p 41. Nov 87 


IC-255A switching circuit (HN) 


WB6IQV 

Commenls, WA4MZZ 
Locator field list 
SM5AGM 
Locator held list 
SM5AGM 

Mysterious spur on 160 
N3BEK 

No-code license (letters) 

WB4SKP, W9ZMR, W2LX, 

W2JTP, WlBL, K4JW 
No code (letter) 

W6SN 

Operating etiquette (letter) 

W9MKV 

Pacemakers and RFI 
K4CN 

Comments. K1RGO 
Commenls, K4CN 
Pacemakers and RFI: safety first 
K3EAS, K3FOW p. 76, Oct 83 

Repeater etiquette (letter) 

WlOLP 

Service not hobby (letter) 

W5VSR 

Ten-meter beacon 
WA1IOB 

Ten-meter beacons (letter) 

KAlYE 

Comments, KAlYE 
TOM remembered (letter) 

W1 ESN 

Tune-up method, low duty-cycle for 
transmitters (HN) 

K4KI 

Comments, W5XW 
Comments, K4KI 

VHF/UHF world: operating a VHF/UHF 
micro-wave station 
W1JR 

Short circuit 
Volunteer examiners: keep standards 
high (letter) 

K6WX p 12, May 84 

Working W5LFL from space 
K6DUE p 81. Sep 83 


p 70, Jan 83 
p 8, Jun 83 

p 74, Jul 87 

p 89, Oct 87 

p 73, May 83 


p 8, Jan 83 

p 10, Aug 83 

p 12. Jul 84 

p 98, Jun 83 
p 76, Oct 83 
p. 77, Oct 83 


p 8, Oct 83 

p 8, Aug, 85 

p 46, Apr 83 

p 13, Sep 83 
p 11, Jan 84 

p. 11, Jan 84 


p 62. Aug 83 
p 11, Dec 83 
p 11, Jan 84 


p. 38, Jul 87 
p. 97, Oct 87 


OSCILLATORS 

Low-voltage power supplies, designing 
W4MLE p 46. Mar 85 

DX forecaster 

more DX propagation tips 
p. 88, Feb 87 


Short Circuit 

p. 121, May 85 

DX forecaster 

equinox problems 

Audio oscillator to pulse generator con¬ 

Power supply, amplifier 


p 106, Mar 87 

version (HN) 

WA2GFP 

p. 32, Sep 83 

DX forecaster 

a spring DX solution 

W0OLQ p. 50, Oct 84 

Power supply, six-output 


p 97, Apr 87 

Better frequency stability for the Drake 

Marlin, Vaughn D 

p 12 Oct 84 

DX forecaster 

1986 propagation review 

TR7 

Power supply, switching high-voltage 


p 105, May 87 

HB9ABO p 21, Aug 87 

W5FG 

p 48. Apr 84 

DX forecaster 

sporadic-E season 

Frequency synthesis by VXO harmonic 

Practically speaking: 

bench power 


p 66, Jun 87 

selection 

supply 


DX forecaster: 

summer thunderstorm 

W3MT p 12, Feb 84 

K4IPV 

p 55, Mar 86 

noise 


High-stability BFO for receiver applica 

Practically speaking: battery problems 


p.78, Jul 87 

tions 

pt 1 


DX forecaster: 

summertime DX 

KlZJH p 28, Jun 85 

K4IPV 

p. 62, July 87 


p. 82, Aug 87 

Local oscillators, high stability (or 

Practically speaking: 

battery problems 

DX forecaster: 

more sporadic-E 

microwave receivers and other ap¬ 

Pt 2 



p 85, Sep 87 

plications 

K4IPV 

p 73, Aug 87 

DX forecaster. 

equinox season DX 

W83JZO p. 29, Nov 85 

Pulse width modulated dc-to-dc con- 

K0RYW 

p. 85. Oct 87 

Low-noise phase-locked UHF VFO part 

verters 


DX forecaster: 

winter DX 

1 the noise problem 

W3CZ 

p 65, Oct 87 

K0RYW 

p. 57, Nov 87 


WA9HUV p. 33, Jul 86 

Short circuit Low-noise UHF VFO 
WA9HUV p 9, Dec 86 

Low-noise phase-locked UHF VCO part 
2: construction and testing 
WA9HUV p. 25. Aug 86 

Oscillator, voltage controlled, uses 
ceramic resonators 

K2BLA p 18, Jun 85 

Short Circuit p. 27. Aug 85 

PL tone generator, a programmable 
WB0VSZ p 51, Apr 84 

Short circuit p 125, May 84 

RF synthesizers for hf communications, 
part 1 

WA60AA p. 12, Aug 83 

Short circuit p. 125. May 84 

RF synthesizers for hf communications, 
part 2 

WA60AA p. 48. Sep 83 

Short circuit p 125. May 84 

RF synthesizers for hf communications, 
part 3 

WA60AA p 17, Oct 83 

Short circuit p 125. May 84 

Universal oscillator circuit 
VE6RF p. 38. Apr 86 

VCO, 1800-2600 MHz 

W0DTV p. 21. Jul 85 

VFOs tuned by cylinder and disc 
W0YBF p 58, Feb 83 

Wideband VCO design 
WA4MGX p. 49, Jul 84 

10 GHz oscillator, ultra stable 
K8UR p 57, Jun 83 


PACKET 


C-64 and GLB PK-1 interface circuit 
W2EHD p. 87, Mar 87 

Comments: packet board 
update p 6, Jan 87 

Elmer's notebook, packet radio 
WISL p 100, Oct 87 

Packetimer for the PK-1 
W2EHD/exW8KGN p. 93, Mar 87 

Packet radio conference bridge 
WD5HJP p. 24, Apr 87 

Packet radio PSK modem for JAS-1/F0- 
12 

G3RUH p. 8, Feb 87 

RAM drive for packet radio 
AD10 p. 44. Dec 87 

TEXNET packet-switching network-pt 1 
system definition and design 
WB5PUC & N5EG p. 29, Mar 87 

TEXNET packet-switching network-pt. 2 
hardware design 

WB5PUC & N5EG p.29, Apr 87 

TEXNET packet-switching network-pt. 3 
software overview 

WB5PUC & N5EG p.53, Jun 87 

POWER 

SUPPLIES 

AC converter, DC to 400-Hz (HN) 
WB2YVY p 58, Mar 83 

Battery charger, NiCd. constant current, 
a pulsed 

K2MWU p 67, Aug 85 

Diesel generator repair 
Richardson, Wayne p. 46, Apr 83 

Dual voltage power supply 
WD4SKH p. 32, Mar 83 

Commenls, WB2UAQ p. 12, Jul 83 
Short circuit p. 80, Jul 83 

Forget memory (Ni-Cd discussion) 

K0OV p. 62, Jan 83 


Regulated screen grid power supply, A 
AG6K p. 51. Jun 86 

Regulator problem solved (HN) 

W6XM p 97. Dec 83 

Temperature control, automatic 
WB5IRI p. 75, Jun 85 

The Guern report: RF power supplies 
achieve high etftciency 
W6MGI p 157, Sep 85 

Transformers, wind your own inexpen¬ 
sively 

W4GDW p. 96. Jun 85 

Vacuum tube substitution 
W2YE p. 58, Oct 83 


PROPAGATION 

Achieve polarization diversty through 
variable power splitting 
W3NGJ p 10. Feb 86 

Digital lonosondes 

K2RR p i4, Dec 83 

DX forecaster 

p. 74, Jan 83 
p. 56, Feb 83 
p 84, Mar 83 
p. 94, Apr 83 
p. 74, May 83 
p. 65, Jun 83 
p. 82, Jul 83 
p 66, Aug 83 
p 84, Sep 83 
p 87, Oct 83 
p 90, Nov 83 
p. 92, Dec 83 
p 83, Jan 84 
p. 79, Feb 84 
p 93, Mar 84 
p. 93, Apr 84 
p. 119, May 84 
p. 109, Jun 84 
p. 103, Jul 84 
p. 63, Aug 84 
p 79, Sep 84 
p. 100, Oct 84 
p 92, Nov 84 
p. 63, Dec 84 
p. 94, Jan 85 
p 75, Feb 85 
Short circuit p. 117, Jun 85 

p. 120, Mar 85 
p, 84, Apr 85 
p. 79. May 85 
p. 102. Jun 85 
p. 100, Jul 85 
p 100, Aug 85 
p. 122, Sep 85 
p 105, Oct 85 
p. 92, Nov 85 
p 112, Jan 86 
p 78, Feb 86 
p. 97, Mar 86 
p. 99, Apr 86 
p. 118 , May 86 
p. 101, Jun 86 
p 91, Jul 86 
p, 90, Aug 86 
p. 98, Sep 86 
p. 92, Oct 86 
p. 84, Nov 86 

Short circuit: HORANT program, 

p 92, Oct 86 
p. 9, Nov 86 
p. 84, Dec 86 

DX forecaster: Winter anomalous ab¬ 
sorption 

K0RYW p. 101, Dec 86 

OX forecaster: DX propagation 
K0RYW p. 108, Jan 87 

Comment: HORANT for CP/M 
K4GIO p. 6, Feb 87 


DX forecaster: dxing via the winter 
anomaly 

K0RYW p. 91, Oct 87 

Comments low band DXmg 
W0SII p 6, Apr 87 

Dxing by computer 
NS6N and Buchanan, Walter 

p. 81, Aug 84 

EME link calculator program 
KE6ZE p. 9, Feb 86 

Comments, KC80H p. 70, Apr 86 

Grayline propagation, fundamentals of 
KR7L p. 77, Aug 84 

HF ground wave propagation 
WA9GFR p. 81, May 86 

How to plot great circles on your favorite 
map 

W4BW p. 81, Aug 86 

L-band ground wave propagation pro¬ 
gram 

WA9GFR and Joseph R. Hennel 

p. 103, Jan 86 

Comment, WA9GFR p. 9, Apr 86 

Moon coordinates, determining basic 
W2WD p. 38, Jan 85 

Moon-tracking by computer 
K6WX ' p. 38, Mar 84 

New band propagation 
KK2XJM (W4MB) p. 12, Jan 83 

Radio astronomy and the search for ex¬ 
tra terrestrial intelligence 
WB3JZO p. 10, Mar 85 

Return to the 360-degree propagation 
prediction 

N4UH p 41, Oct 87 

Russian Woodpecker, the: a continuing 
nuisance 

KR7L p. 37, Nov 84 

Solar activity and the earth’s magne- 
losphere 

KR7L p 8, Aug 87 

Solar outages, predicting 
VE7ABK p. 75, Mar 85 

360-degree MINIMUF propagation pre¬ 
diction 

N4UH p. 25, Feb 87 

VHF meteor scatter communications 
AI7J p. 69, Feb 84 

VHF/UHF world: improving meteor scat¬ 
ter communicalions 

W1JR p 82, Jun 84 

VHF/UHF world: the VHF/UHF Primer, 
an introduction to propagation 

WlJR p. 14, Jul 84 

VHF/UHF world 

WlJR p. 45, Sep 84 

VHF/UHF World: propagation update 
WlJR p 86, Jul 85 

VHF/UHF World 

WlJR p. 85, Dec 85 

VHF/UHF world: meteor scatter com¬ 
munications 

p. 68, Jun 86 
p. 87, Jul 86 
VHF/UHF world: jxW and mm-wave prop¬ 
agation: part 2 

p. 69, Aug 86 


WlJR 

Short circuit 


WlJR 


RECEIVERS 

AND 

CONVERTERS 

general 

Bragg-cell receiver 

WB3JZO p. 42, Feb 83 

Cascaded stages, IMD and intercept 
points of 

W3IMG p 28, Nov 84 
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CB !o 10 -meter conversions, scanner 
W2FMY KB2GA p 98 Nov 8b 

Compact 75-meter monoband 
transceiver 


K1BOT p 13, Nov 85 

Short circuit p 66, Jan 86 

Digital frequency readout using the Com¬ 
modore 64 

W3NNL p 83 Nov 85 

Elmer's notebook receiver buzzwords 
WiSL p 100. Nov 87 

Extending receive coverage tor the 1C 02 
and IC-04 

WB6GTM p 77. Jul 86 

External product detector improves 
receiver performance 
W6GB p 107 Nov 85 

Ham radio techniques 'white no-se 

technology bites back 
W6SAI p 55 Jan 87 

Ham radio techniques white no-se 
revisited 

W6SAI p 79 Ocl 87 

High-stability BFO for receivei applica¬ 
tions 


K1ZJH p 28. Jun 85 

IF converter fixed-tuned 


K1RGO 


p 19. Jan 83 


Mixer frequencies graphical selection 
W2HVN p 41 Jun 85 

Noise discriminator, a pulsewidth 
W6NRW p 23. Nov 84 

Noise, understanding and handling 


DJ2LR p 10 Nov 86 

Panoramic adaptor spectrum analyzer 
design notes 

WA6NCXP p, 26. Feb 83 

Comments. K20BY p 12. Sep 83 

Short circuit p. 70 Oct 83 

Preamp at work. Quiet* 


N6TX 


p 14, Nov 84 


Receiver input temperature (letter) 
WA6JTD p 13, Apr 85 

Receiver tuning mechanism selection 
PY2PEIC p. 31. Nov 86 

Receiver. 10 through 80-meter home 
brew 

NtBFV p 40, Nov 85 

Remote-site receivers and repeater oper 
ation 

K9EID p 36 Jan 83 


S-meter, a calibrated 
W7SX p 23. Jan 86 

Short circuit p 45. Apr 86 

Spectrum anatyzer, a handheld optical 
VVA4WDI p 23, Apr 84 

Ten-Tec Argosy. Upgrade 
WB3JZO p 38. Nov 86 

True frequency digital readout tor the 
HW-101 

NU4F p 8. Jan 87 

Short Circuit p. 41, Aug 07 

TS-930S headset audio, increase un 
distorted <HN) 

W6FR p 128. Oct 85 

VHF/UHF world high dynamic range 
receivers 


W1JR p 97. Nov 84 

Short circuit p 103, Jan 85 

VHF/UHF world' broadband amplifiers in 
receiver design 

W1JR p 91, Nov 86 

VHF/UHF World low-noise receiver up¬ 

date — part 1 

W1JR p 77. Nov 87 



Better frequency stability for the Drake 
TR7 

HB9ABO p 21. Aug 87 

CAT control system tof the Yaesu FT- 
757CX 

SM6CPI p 26, Nov 87 

CB to 10 fm transceiver conversion 
VE3FIT. VE3AQN p |6, Feb 83 

Compact SSB receiver 
K1BQT p 10. Nov 83 

Comments KA0GPE p 10, Mar 84 

Compact 20-meter CW receiver. A 

KlBQT pi 8, Jun 87 

Short circuit p 6, Jul 87 

Short circuit p 81, Sep 87 

Designing a modern receiver 
W63JZO p 23, Nov 83 

Designing a state-of-the-arl receiver 
KA2WEU/DJ2LR p 1 7. Nov 87 

Digital HF radio: a sampling ol tech¬ 
niques 

KA2WEU/DJ2LR p 19. Apr 85 

Short circuit p. 121. May 85 


HF superhet. 20-meter 
N3ECZ p 65, Nov 86 

High-frequency receiver performance 
G40BU p 33, Feb 84 

Improved stability and dial calibration for 
the HeathM HW-8 (HN) 

W3HVK p 103. Nov 83 

Receiver Pocket-portable SSB 

WB6BIH p 55 Nov 86 

Receiver sweep alignment system 
WB6BIH p 124, Nov 84 

Shortwave receiver, portable 

PY2PE1C p 67. Apr 84 

Simple shortwave broadcast receiver 
W6XM p 83 Nov 83 

Superhet coilset design with a micro¬ 

computer 

Sterrenburg. FAS p 113. Nov 84 

SW receiver, a double conversion porta 
ble 

PY2PE1C p 48 Nov 84 

Thumbwheel frequency selector foi the 
Yaesu ET-757-GX 

KA9SNF p 33 Nov 87 

Transceivers quasi bilateral it for 
KtZJH p 75. Dec 84 

Two-band receivei. extending the 
modular 

WA3TFS p 57, Nov 84 

Two-band receiver, modular 
WA3TFS p. 53. Jui 83 

Comments WA3TFS p 8 Sep 84 

Tomorrow s receivers, what will the next 
20 years bung 7 

W7SX p 8. Nov 87 

15-meter sideband transceiver 
WA4ZXF p, 12 Mar 83 

Short circuit p 80. Jut 83 

80-meter receiver, simple 

WB2EAV p 25 Nov 86 

vhf 


Extending receive coverage for the IC-02 
and IC-04 


W86GTM p 77 Jul 86 

Modular transmit and receive converters 
for 902 MHz 


N6JH 


p 1 7. Ma' 87 


Optical fm receiver 

Poon and Pieper p. 53. Nov 83 

Short circuit p 85. Jan 84 

Comment. W60AL p 13, Jun 84 

VhF/UHF world: VHF/UHF receivers 
WtJR p 42. Mar 84 

VHF/UHF World low noise receiver up¬ 


date-part 1 

W1JR p, 77, Nov 87 

VHF/UHF World: low noise receiver 
update-part 2 

W? JR p. 72. Dec 87 


RTTY 

CW and RTTY digital audio filter 
WIOER p 60. Aug 83 

New MSO for RTTY (letter) 

N2EO p i 2. Jut 84 

RTTY and Atari™ computer 

K5VUV p, 36. Jul 83 

Short circuit p 10. Feb 84 

RTTY oscilloscope input using line trans¬ 
formers (HN) 

W6XM p 87 Sep 84 

RTTY zero beat indicator (HN) 

W2QLf p 76, Oct 83 

Run RTTY on your Timex 
NU4V p 110, Apr 85 

Run RTTY on your VIC-20 
W5TRS p 120. Apr 85 

Timex/Smc lair newsletter (letter) 

AD 1B p 12. Jul 84 

TRS-80 color computer for RTTY 
WIOER p. 62 Jun 83 

VtC-20 punier (HN) 

VV2QLI p 88 Sep 84 

Short circuit p 145. Mar 85 


SATELLITES 

Demodulator, telemetry. PSK, for 
OSCAR 10 

G3RUH p 50, Apr 85 

Elevation indicator, inexpensive 
W5JTL p. 67. Jun 85 

First Hl-to-Hl QSO via OSCAR W 
WA2LQQ p 32, Sep 84 

G O E S reception a simple approach 
WA4WDL p 46 Jan 84 

Graphic azimuth and elevation calculator 


WB0VGI p 25 Jan 83 

Introducing satellite communications 
G3ZCZ p. 10. Apr 86 

Locate orbiting satellites 
W0ZWW p 72. Sep 83 

Moon-tracking by computet 
K6WX ' p 38. Mar 84 

Packet radio PSK modem for JAS-1/FO-12 
G3RUH p. 8. Feb 87 

Satellite tracker, digitally-controlled 
KA80BL p :02. Sep 85 

Signals from space receiving 

K8UR p 67. Nov 84 

The Guem report super speed semicon¬ 
ductor 

W6MGJ p ’09 Ocl 86 

The Guem report communication satel¬ 
lites 

W6MGI p ’08, Jun 86 

Comments update on ACSSB level- 
one 

adapter, ototect OSCAR (Oct 86) 
WB6JNN P 9. Nov 86 

Work OSCAR 10 with your HT 
WA2LOQ p 29, Sep 84 

SEMI¬ 

CONDUCTORS 

Cool/ng semiconductors pari 1 design 
mg and using heatsinks 
Martin, Vaughn D. p 33 Jul 84 

Cooling semiconductors part 2 blowers 
and fans 

Martin, Vaughn D p 52. Aug 84 

GaAs FET performance and preampMiec 
application 

K8UR p 38 Mar 83 

Comments KC0W p 12, Jul 83 

Practically speaking solid state rectifiers 
K4IPV p 5V Aug 86 

Practically speaking substituting 
transistors-oart 1 

K4IPV p 92. Sep 86 

Practically speaking substituting 
transistors-part 2 

K4IPV p, 66. Oct 96 

Solid-state replacements 
AK7N p 46. Apr 83 

The Guem report- super speed semicon 
ductors 

W6MGI p 109. Oct 86 

Transistor biasing, back to basics 
WD4C p 91. Dec 84 

VHF/UHF world the ubiquitous diode 
Wl JR p 51. Feb 87 

VHF/UHF WORLD The ubiquitous diode 
pari 2 

W1JR p 55. Mar 87 


SINGLE 

SIDEBAND 


ACSSB: a ievel-one adapter 


WB6JNN 

p 10, Oct 86 

Adjusting SSB .amplifiers 


AG6K 

p. 33. Sep 85 

Better sounding SSB 


AG6K 

p. 58, Feb 84 

Comments W20ZH 

p. 13. Jun 84 

Development of Amateur 

SSB a brief 

history 


K4KJ 

p i2, Sep 84 

Comments, AG4R 

p 8. Dec 84 

Ham radio techniques 


W6SAI 

p 106, Oct 84 


Linear amplifier. HF solid slate kilowatt, 
mobile 

WA7SPR p 67. Feb 85 

Weaver modulation. 2-meter transmitter 
N1COX p 12. Jul 85 

SOFTWARE 

BASIC program analyzes simple ladder 
networks 

W3NQN p 32, Aug 87 

Short circuit p 97, Oct 87 

Design a no tune amplifier with your per¬ 
sonal computer 

W7DHD p 8. Sep 87 

EME link calculator program 
KE6ZE p 70. Feb 86 

Comments. KC80H p 9, Apr 86 

Get on SSTV-with the C-64 
I2CAB and I2AED, edited by K9EI 

p 43, Oct 86 


L-band ground wave propagation pro¬ 
gram 

WA9GRF and Joseph R Hennel 

p 103 Jan 86 
Using spreadsheet programs for amateur 
radio projects 

ADlB p 95. Dec 86 

TELEVISION 


A tour through an NTSC TV station-part 
1 (historical aspects) 

KL7AJ p 57. Dec 87 

Get on SSTV with the C-64 
K9EI p 43. Oct 86 

Short Circuit p 97. Oct 87 


TRANSMITTERS 
AND POWER 
SUPPLIES 

general 


Adjusting SSB amplifiers 

AG6K p 33. Sep 85 

Aural vco provides relative metering 
KtZJH p 97, Jan 87 

Design a no-tune amplifier with your per¬ 
sonal computer 

W7DHD p 8. Sep 87 

Grounded-grid amplifier parasitics 

AG6K p. 31. Apr 86 

Comment. NJ0G p 9, Jul 86 


Comment. W2YW p 6 Jul 86 

Ham radio techniques: super cathode 
driven amplifier 

W6SAI p, 73. Nov 86 

Ham radio techniques white noise' 
technology bites back 
W6SAI p 55. Jan 87 

Ham radio techniques, "white noise' 
revisited 

W6SAI p. 79. Oct 87 

MCI496. improved carrier suppression 
(HN) 

KtZJH p 78. Apr 85 

Short circuit p 74. Jul 85 

MMiC multiplier chains for the 902 MHz 
band 

N6JH p 7? reb 87 

Short circuit p 64, May 87 

RF switching, high power with pin di¬ 
odes 

KN8Z p 82. Jan 85 

Three-tube 4CX250B linear amplifier 
YU 1 AW p 63, Apr 87 

True frequency digital readout for the 
HW-101 

NU4F p 8. Jan 87 

Short circuit p. 41. Aug 87 

VMOS on 1 750 meters 
KlRGO p. 71. Oct 83 

6-mcter amplifier 

W2GN p 72, Apr 83 

Short circuit p. 97. Aug 83 

5CX1500 screen protection (HN) 

VE3AIA p, 58, Mar 83 



Amplifier. 3CX1200A7 10 to 80 meter 
K8RA p 75. Aug 85 

Better frequency stability for the Drake 
TR7 

HB9ABO p 21. Aug 87 

CAT control system lor the Yaesu FT 
757GX 

SM6CPI p 26 Nov 87 

CB to 10 fm transceiver conversion 
VE3FIT VE3AQN p. 16. Feb 83 

Compact 75-me\er monoband 
transceiver 

K1BOT p 13. Nov 85 

Convert a $25 CB HT for 6 meters 
KlZJH p 79. Aug 87 

Design an amplifier around the 3CX- 
1200A7 

W7DHD p 33. Dec 87 

Ham radio techniques 160-meter equip¬ 
ment 

W6SAI p. 77. Mar 87 

Improved stability and dial calibration for 
the Heathkit HW-8 (HN) 

W3HVK p. 103, Nov 83 

Linear amplifier, HF, solid-state kilowatt, 
mobile 

WA7SPR p 67, Feb 86 
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Remote control hf operation 

K5QY 

p. 32, Apr 83 

Short circuit 

p 97, Aug 83 

Thumbwheel frequency selector for the 

Yaesu FT-757GC 


KA9SNF 

p. 33, Nov 87 

Vacuum tube amplifier, 

design a toroidal 

lank circuit for 


W6YUY 

p. 29. Aug 85 

15-meter sideband transceiver 

WA4ZXF 

p 12, Mar 83 

Short Circuit 

p. 80, Jul 83 

Short circuit 

p 66, Jan 86 


TROUBLE¬ 

SHOOTING 

GLA-1000 amplifier, stop blowing finals 
G4CFY, G3ROG p. 59, Aug 85 

Grounded-grid amplifier parasilics 


Modular transmit and receive converters 
lor 902 MHz 

N6JH p 17, Mar 87 

Monolithic RF amplifiers 
N6JH p. 22, Mar 86 

Moon coordinates, determining basic 
W2WD p. 38, Jan 85 

Moon-tracking by computer 

K6WX p. 38, Mar 84 

Novice enhancement anti the 220 MHz 

band. Reflections 

W9JUV p. 4, Apr 8? 

Power dividers, extended/expanded 
W5JTL p. 73, Ocl 84 

Power FETs trend for VHF amplifiers 
W7PUA and Peters. D.ex DL4VJ p 12, 
Jan 84 

Power supply, amplifier 
WA2GFP 
Preamp at work, Quiet 1 
N6TX p i 4, Nov 04 

Radio telescope antenna requirement 


p 32. Sep 83 


VHF/UHF world 

W1JR p. 85, Dec 85 

VHF/UHF world: ;<w and mm-wave prop¬ 
agation, part 2 

W1JR p. 69, Aug 86 

VHF/UHF world: meteor scatter commu¬ 
nications 

W1JR p 68, Jun 86 

Short Circuit p 87, Jul 86 

VHF/UHF world: microwave bands 
WiJR p 44, Jan 86 

VHF/UHF world: 33 cm-our newest band 
WIJR p 83. Apr 86 

Short circuit (p 87, July 86) 

p 9, Aug 86 

VHF/UHF world rf connectors, part 1 
WIJR p 77, Sep 86 

VHF/UHF world rf connectors, part 2 
WIJR p 59, Oct 86 

VHF/UHF world: microwave and 
millimeter-wave update 
WIJR p 63, Jan 87 


AGBK 


p. 31, Apr 86 

Landecker. Tom p 44, Mar 83 

VHF/UHF world: 33 cm update 

Comment, NJ0G 

p. 9, Jul 86 

RF transmission cable, microwave ap¬ 

WiJR 

p 74, Apr 87 

Comment. W2YW 

p. 6, Jul 86 

plications 

Short circuit 

p. 81, Sep 87 

Practically 

speaking: 

coax velocity factor 

K3HW p 106, May 85 

VHF/UHF world microwave portable op- 

K4IPV 


p 78, Nov 86 

Sflverplaling, sale, sensible 

eration 


Practically 

speaking: 

using the mul- 

K9EYY p. 29, Feb 85 

WiJR 

p 75, Jun 87 

timeter 



Simple VHF/UHF multiple quarter-wave 

Short circuit 

p 81. Sep 87 

K4IPV 


p 43, Jul 86 

filters 

VHF/UHF world: minimum 

requirements 

Practically 

speaking: 

using the right mul- 

WA3EWT p 37, Sep 87 

for 2-meter EME-pt. 2 


timeter 



The Guerri report- signal processing 

WIJR 

p. 65. Sep 87 

K4IPV 


p. 95, Jun 86 

W6MGI p. 156, Dec 84 

VHF/UHF world: Operating 

a VHF/UHF 

Practically 

speaking 


The Guerri report mm waves, part 1 

microwave station 


K4IPV 


p 35, Feb 86 

W6MGI p 109, Feb 86 

WiJR 

p 38, Jul 87 

Practically 

speaking 


The Guerri report : mm waves, part 2 

Short circuit 

p 81, Sep 87 

K4IPV 


p. 59, Jan 86 

W6MGI p 117, Mar 86 

Short circuit 

p 97, Oct 87 

TVI problem, solving 

a difficult (HN) 

The Guerri report fiber optics 

VHF/UHF world: minimum 

requirements 

W2YW 


p. 152, Sep 85 

W6MGI p 141, May 86 

for 2-meler EME-pt 1 





Comment, WD9EIA p 8, Feb 83 

WIJR 

p.39, Aug 87 


VHF AND UHF 
general 

ATV power amplifier, fast-scan 
WB0ZJP p 67, Mar 85 

Audio lo microwave amplifier, build your 
own 

Gruchalla, Michael p 12, Mar 84 

Bandpass filter design, interdigital, 
computer-aided 

N6JH, Monemzadeh p. 12 Jan 85 

Short circuit p. 117, Jun 85 

Converting mobile microphones for 
hand-held VHF transceiver 
KD8KZ and WB3JCC p 79. Mar 86 
Designing a microwave amplifier 
Domanski, S p 30 Sep 87 

Diplexer mods (HN) 

K5PFE p, 89, Apr 83 

Dual wattmeter, 50-500 Hz 
WB4EHS p. 67, Jul 85 

Duplexer. six cavity, home-brewed 
K9EYY p. 12, Feb 85 

EME link calculator program 
KE5ZE p 70, Feb 86 

Efficient matching 

VE7BS p 83, Sep 83 

Elevation indicator, inexpensive 
WSJTL p 67. Jun 85 

Elmer's notebook 220 MHz 
WlSL p 91. Aug 87 

Elmer's notebook 1200 MHz band 

WtSL p M3, Dec 87 

Get on 6 meters the inexpensive way 
KB1KJ p 91. Mar 85 

G O E S reception a simple approach 
WA4WDL p. 46, Jan 84 

Helical antenna matching 
Belliveau, John p. 73, May 83 

L-band ground wave propagation pro¬ 
gram 

WA9GFR and Joseph R Hennet 

p. 103 Jan 86 

Local osctlfators, high stability for micro¬ 
wave receivers and other applications 
WB3JZO p 29 Nov 85 

Measuring noise figure 
K2BLA p. 26, Jan 84 

Micros and VHF beacons transmit 
messages automatically 
K9EI p. 51, Jul 85 

Microstrip impedance program 
K8UR p 84, Dec 84 

MMIC multiplier chains for the 902 MHz 
band 

N6JH p 72. Feb 87 

Short circuit p. 64, May 87 


p 32, Jul 85 
p 9. Apr 86 

p. 21. Jan 87 


Comments, K2MWU p 8. Feb 83 
Trade off power for antenna gain at 
VHF? 

WA9GFR, Hennel 
Comment, WA9GFR 
2.3 GHz prescaler 
N6JH 

UHF antenna tower, low-cost 
KA6GVY p. 30. Oct 84 

VHF amplifiers, carrier-operated relay 
WB3JCC, KD8KZ p. 45. Apr 85 

VHF meteor scatter communications 
AI7J p 69, Feb 84 

VHF noise bridge 

OE2APM/AA3K p 10, Jul 86 

VHF signal generation, harmonic mixer 
K1ZJH p 40. Mar 85 

Short circuit p 121, May 85 

VHF/UHF world: the VHFUHF challenge 
WIJR p. 42. Jan 84 

VHF/UHF world improving meteor scat¬ 
ter communications 

WIJR p. 82, Jun 84 

VHF/UHF world microwave bands 
WIJR p 44, Jan 86 

VHF/UHF world: the VHF/UHF primer, 
an introduction to propagation 
WIJR f p 14. Jul 84 

VHF/UHF world the VHF/UHF Primer, 
an introduction to filters 

WIJR p. M2. Aug 8^ 

VHF/UHF world 

WIJR p. 45, Sep 84 

VHF/UHF world 

WIJR p 55, Oct 84 

VHF/UHF world low-noise GaAs FET 
technology 

WIJR p 99. Dec 84 

VHF/UHF world high power amplifiers 
part 1 

WIJR p 97. Jan 85 

VHF/UHF world: high power amplifiers 
part 2 

WIJR p. 38, Feb 85 

VHF/UHF world keeping VHF/UHFers 
up-lo-date 

WIJR p 126 Mar 85 

VHF/UHF world protecting equipment 
WIJR p. 83. Jun 85 

VHF/UHF world propagation update 
WiJR p 86, Jul 85 

VHF/UHF world' designing and building 
loop Yagts 

WIJR p 56. Sep 85 

VHF/UHF world transmission lines 


Comments, W7WRQ p. 9. Dec 87 
VHF/UHF World: impedance matching 
techniques 
WiJR 

2 3 GHz prescaier 

N6JH 

Weather radar, 10-GHz 
K4TWJ 

X-band mixer, low noise 
N5AX 

10-GHz oscillator, ultra stable 
K8UR p 57, Jun 83 


p 27, Ocl 87 
p 21, Jan 87 
p 81. Sep 83 
p 22. Jan 83 


antennas 


WIJR 

Comment, W9ICZ 
VHF/UHF world 
WIJR 


p. 83. Oct 85 
p 9. Apr 86 

p 54, Nov 85 


Antenna insulators, PTFE VHF 
W5JTL p 98, Oct 85 

Convert an inexpensive CB mag-mount 
antenna into a superb 2-meter whip 
K7DBA p 52, Oct 86 

Colagi antenna, The 
VE3BFM p 61, May 86 

Computer-aided design of long VHF 
Yagi antennas 

VK4ZF p. 28. May 86 

Cylindrical feedhoms revisited 
WA9HU P 20, Feb 86 

Direction-finding tool, the fox box 

KlZJH p 25, Oct 85 

Ham notebook: 2-meter halo antenna 
NR5A p. 63, May 87 

High-performance Yagis for 432 MHz 
KlFO p 8, Jul 87 

Comments: KLM bafun 
Scott, W p 6, Sep 87 

Short circuit p 97, Oct 87 

Long 2-meter collinears a simple way to 
achieve gain (HN) 

WB3AYW p 95, May 86 

Matching 432 MHz helical antennas 
W8NWU P 44. Mar 83 

Open-wire line for 2-meters 

N4UH p 94, Jan 87 

VHF/UHF world' VHFUHF antennas and 
antenna systems 

WIJR p 46. Feb 84 

Short circuit p 54, Jan 86 

VHF/UHF world: stacking antennas, part 

1 

WiJR p 129, Apr 85 

VHF/UHF world - stacking antennas, part 

2 

WiJR p. 95. May 85 

VHF/UHF world 

WIJR p 85, Dec 85 

VHF Yagi CAD on the C 64 
W4RFZ p 70, Sep 86 

VHF/UHF world: Yagi facts and fallacies 


WiJR p. 103, May 86 

VHF/UHF world: reflector antennas, part 

1 

WIJR p. 51, Feb 86 

Short circuit p. 45, Apr 86 

VHF/UHF world: reflector antennas, part 
2 

WiJR p. 68, Mar 86 

Yagi, a high-gam 70-cm 
WiJR p. 75, Dec 86 

Shod circuit P 68. Feb 87 

VHF/UHF world Optimized 2- and 6- 
meter Yagi 

WIJR p.92, May 87 

Short circuit p 26, Jun 87 

Short Circuit P 49, Jul 87 

Short circuit p 41, Aug 87 

Short Circuit p 81 Sep 87 

Vagi trigon reflector Optimizing 
WB38GU p 84. Jan 86 

2-meter beam, portable 
KB50J p.113, Oct 85 

6-meter kilowatt amplifier 
KX0O p 50, Jul 86 


receivers and 
converters 

GaAs FET performance and preamplifier 
application 

K8UR P 38, Mar 83 

Comments, KCCW p 12, Jul 83 

Local oscillators, high stability for 
microwave receivers and other ap¬ 
plications 

WB3JZO p. 29, Nov 85 

TR-2500/2600 2-channel programming 
(HN) 

K9MLD p. 128, Oct 85 

VHF/UHF world VHF/UHF receivers 
WIJR p. 42, Mar 84 

VHF/UHF world low-noise GaAs FET 
technology 

WiJR p 99, Dec 84 

VHF/UHF world 

WiJR p 54, Nov 85 

VHF/UHF Wortd low noise update, part 
2 

WIJR p 72, Dec 87 

Yaesu s latest VHF/UHF receiver, add 
general coverage 

W6MGI p 67, Oct 85 

Short circuit p 97, Oct 87 

2-meter weather converter 
WA3EEC p. 87, Dec 83 

2304-MHz preamplifier, low-noise 
WA2GFP p 12, Feb 83 

transmitters 

Amplifier, 2 meter. 40 watt 
WB4GCS p. 50, Oct 83 

Amplifier, 432-MHz, 1500-watt 
W2GN p. 40, Jul 85 

Low-noise phase-locked UHF VCO part 

1 the noise problem 

WA9HUV p 33, Jul 86 

Short circuit p 9, Dec 86 

Low-noise phase locked UHF VCO part 

2 construction and testing 

WA9HUV p. 25, Auq 86 

Temperature control, automatic 
WB5IR1 p 75, Jun 85 

TR-2500/2600 2-channel programming 
(HN) 

K9MLD p 128, Oct 85 

VCO, 1800-2600 MHz 
WflOTV p 21. Jul 85 

VHF/UHF world: medium power ampli¬ 
fiers 

WIJR p 39, Aug 85 

VHF/UHF world VHF/UHF exciters 
WIJR p 84, Apr 84 

Short circuit p 60, Oct 84 

Weaver modulation, 2-meter transmitter 
N1COX p 12, Jul 85 

X band beacons 

WA6EJO p 29, Jan 87 

6-meter amplifier 

W2GN p. 72, Apr 83 

Short circuit p. 97, Aug 83 
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Tom McMullen, W1SL 


the 1200-MHz band 

This month I'll explore some of the 
activities and peculiarities of the 
1200-MHz (23 cm) band, and give you 
a tip on how to become a very popu¬ 
lar person with your local UHF crowd. 

It wasn't too long ago that the 
1200-MHz band was a real challenge 
for technically sharp Amateurs; getting 
a few milliwatts of stable power was 
difficult, and getting several watts re¬ 
quired a whole bench full of tubes in 
cavities, heavy power supplies, blow¬ 
ers to keep it all cool, and enough 
spare surplus triodes to inflate the price 
of silver beyond reason. How things 
have changed! 

A sketch of the 23-cm band is 
shown in fig. 1; note that the portion 
in which Novices can operate covers 
a large chunk of territory — almost half 
the band. 

what's happening? 

This is another band in which 
Novices can use repeaters, and 
perhaps one of its most promising ac¬ 
tivities. The power limitation of 5 watts 
PEP (peak envelope power) shouldn't 
create hardship at all. Any decent 
repeater on this band will have a high- 
gain, non-directional antenna, and it 
should be able to hear a 5-watt mobile 
or hand-held unit for several miles. 
Since a repeater transmitter can oper¬ 
ate with many watts of output, the 
higher power level plus the antenna 
gain will assure full-quieting signals 
into any transceiver it can hear. 

Repeater channels for fm on the 
1200-MHz band are 25 kHz apart, with 
inputs starting at 1270.05 and continu¬ 



ing through 1276 MHz. Output fre¬ 
quencies are 12 MHz higher, from 1282 
through 1288 MHz. There's room for 
simplex channels between 1294 and 
1295 MHz, again with 25-kHz spacing 
recommended. There's plenty of room 
between 1276 and 1282, and between 
1288 and 1294 for other modes, which 
I'll discuss later. 

Adopted by the ARRL Board of Di¬ 
rectors, this band plan has been widely 
publicized. Local groups may have dif¬ 
ferent ideas, however, so be sure to 
check what's available before locking 
into a range of frequencies. 

equipment 

A look through the advertisements 
in any Amateur magazine shows that 
there are several choices for Novices 
to use on 1200 MHz. One notable fm 
unit is the IC-12AT hand-held unit from 
ICOM. It has 1-watt output, and has 
a sensitivity of 0.32 for 12-dB 
SINAD (and that's pretty good, con¬ 
sidering that in the "weak-signal" work 
of only a dozen years ago, anything 
that could hear 0,5 /-iV was considered 
high techl). One caution, however: 
current ICOM literature shows the 
IC-12AT (American version) available 
with 10, 20, 30, 40, or 50 kHz steps. 
Their IC-12E (European version) is 
available with 12.5, 25, 37.5, 50, or 
62.5 kHz channel spacing. Be sure the 
one you get will fit the channel spac¬ 
ing available in your area. 

There are a couple of mobile/port¬ 
able units available: Kenwood's TR-50 
(with 1-watt output) and ICOM's 
IC-120 (also with 1-watt output). Both 
units can be used mobile, or, given 
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their relatively low battery-power re¬ 
quirements, portable with a small bat¬ 
tery pack. 

ICOM also offers a repeater, the IC- 
RP1210. Novices can't be owners or 
control operators of repeaters, natur¬ 
ally, but I hope some Elmers or Tech¬ 
nicians (who can also be Elmers) will 
get some ideas. This repeater provides 
inputs from 1271.02 to 1272.98 MHz, 
with outputs 20 MHz higher — i.e., 
1291.02 to 1292.98 MHz. Output is 10 
watts. It will work from either 117V/ 
240V ac, or from 13.8V dc. 

Then there's ICOM's IC1271. Again, 
it has too much power output (10 
watts) for the Novice, but it's nice to 
know about when thinking of upgrad¬ 
ing. It's a CW/SSB/fm transceiver, 
and has all the bells and whistles you'll 
need for OSCAR, contest, or other 
weak-signal work. It works from a 
13,8-Vdc supply, so it's a good candi¬ 
date for mobile or home use. 

is fm all there is? 

There's plenty of other activity go¬ 
ing on in this part of the spectrum, and 
a look at the VHF/UHF/microwave 
contest scores in QST shows quite a 
few stations adding to their total by 
using 1296-MHz equipment. This 
usually comes under the heading of 
weak-signal work, and there's equip¬ 
ment available for that, too. Note that 
although equipment shown in most 
advertisements is listed as 1296-MHz 
gear, it works at other frequencies too, 
and usually won't need any adjustment 
if you put it to work just below 1295. 
It will require only minor tweaking if 
you want to use it between 1288 and 
1294 MHz. 

Weak-signal modes are CW or SSB, 
and most stations use their existing hf 
or VHF gear along with converters or 
transverters (transmitting /receiving 
converters) for 1200-MHz work. A 
popular line of such converters and 
transverters is produced by Microwave 
Modules. Among the equipment of¬ 
fered is the MMT 1296/144G - a 2- 
watt output transverter that uses a 
144-MHz transceiver as its transmitting 
and receiving i-f; the NMK 1296/144 
receiving converter that uses your 


2-meter receiver tuned to the i-f out¬ 
put; and the MMG 1296 MHz receiv¬ 
ing preamplifier to provide more gain 
and low noise ahead of a converter. 
Microwave Modules also has other 
units with more power capability for 
when you upgrade. 

Most of the test equipment available 
in the usual ham workshop will func¬ 
tion just as well at 1290 MHz, with the 
possible exception of a power/SWR 
meter. Here, the Bird series of watt¬ 
meters with plug in elements offers an 
accurate means of checking your 
transmitter power output and anten¬ 
na SWR. 

Frequency counters, too, have ar¬ 
rived in this part of the spectrum: the 
Optoelectronics model 1300H works 
up to 1.3 GHz (1300 MHz), and Ram¬ 
sey offers the CT125 for this band. 

antennas 

Although commercially-made an¬ 
tennas for this band are available, the 
selection isn't large. There is evidence 
of improvement, however. Of course, 
Kenwood and ICOM provide antennas 
to work with the equipment they sell, 
and Larsen has a mobile 1200-MHz 
antenna available. I've also noticed 
mobile and base-station/repeater an¬ 
tennas made by NCG Company. Some 
of the NCG units are dual-band, work¬ 
ing at both 446 and 1200 MHz. 

For weak-signal work, most people 
roll their own, and considering that the 
length of a half-wave element at 1290 
MHz is approximately 4-3/8 inches, it 
isn't hard to put together a beam of 
respectable gain with a few pieces of 
aluminum.* 

The loop Yagi, which consists of 
several closed metal hoops mounted 
on a boom in the same manner that 
elements are in ordinary Yagi anten¬ 
nas, is a popular item among many en¬ 
thusiasts. Down East Electronics, 


*A note for those who prefer to work with metric 
figures: the 1240 1300 band is called the 23 cm 
band, which is one wavelength in space A half wave 
in space is then 11.5 cm, but the diameter of the metal 
rod used for an antenna element reduces the resonant 
length. Using the formula L (mm) • 142,250/7(MHz) 
gives a half wave element dimension of 110.27 mm, 
or 11.03 cm, which is a good ball park figure to start 
with at 1290 MHz. 


Spectrum International, and Mirage/ 
KLM offer loop Yagis. 

the television question 

Novices are permitted to use all 
available modes on the 1270-1295 band 
segment, and that includes television. 
The obvious precaution, however, is 
to be sure that television operation 
doesn't interfere with any repeater 
operation. A TV signal requires a lot 
of room — anywhere from 3 to 8 MHz, 
depending upon the equipment used. 
There's plenty of space for TV and 
other modes on the band, but the pru¬ 
dent operator will check to see where 
others are operating before putting a 
signal on the air. 

The next thought that comes to 
mind is How? I haven't seen any ready¬ 
made 1200-MHz television transceivers 
offered in the Amateur publications. 
There are, however, 420-MHz televi¬ 
sion systems and components avail¬ 
able. Getting a signal on the air 
involves applying the video-output sig¬ 
nal to an rf amplifier to produce am¬ 
plitude modulation, then feeding the 
rf signal through some filters to get rid 
of one sideband and then to the an¬ 
tenna. Another method is to apply a 
low-power (i.e., milliwatts) output 
from a 420-MHz TV generator to a 
transmitting converter, then mix it with 
a local oscillator to produce 1200-MHz 
output. Either way, getting a television 
station together isn't a terribly difficult 
procedure, and such a project can eas¬ 
ily be explored by the technically adept 
Novice or Elmer. 

safety precautions 

One of the reasons for the 5-watt 
limit for Novices on 1270 to 1295 MHz 
is the possibility of tissue damage from 
rf energy at these frequencies. The 
problem comes about because unlike 
28- or 220-MHz energy, for example, 
1200-MHz energy is concentrated in a 
small area. Look at it this way: if you're 
operating at 28.1 MHz and using a 
1 /4-wave whip, the output power is 
distributed along the length of the 
whip — approximately eight feet. The 
portion of it that your hand, arm, or 
head might intercept is small com- 
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pared to its total length. At 1200 MHz, 
however, the antenna length is 4 
inches, which means that your hand 
can intercept most of the energy if you 
get too close. Even worse, your eye 
(which is very susceptible to rf 
damage) is of significant size com¬ 
pared with the energy distribution 
area, and can be severely damaged by 
exposure. Microwave ovens operate 
only 1000 MHz higher, at approximate¬ 
ly 2300 MHz, and you know what they 
do to things in their rf fields. 

Allowiqg newcomers to this part of 
the spectrum to become familiar with 
operating procedures and technical re¬ 
quirements at a power level low 
enough to reduce hazards is a very 
good move on the part of FCC. 

A good precaution is to make sure 
that antennas are high enough so that 
they don't present any hazard, from 
either direct contact with their ele¬ 
ments or from the concentrated ener¬ 
gy (as in front of a high-gain Yagi) 
they emit. 

feed line losses 

All transmission lines lose some of 
the energy they're carrying between 
the transmitter and the antenna, and 
the higher the operating frequency, 
the more they lose. At 1290 MHz, 
RG-8/U or RG-213/U cable loses 11 
dB per 100 feet. That means that if you 
have 5 watts going into the cable at 
your transmitter, only 1 watt is reach¬ 
ing the antenna in an average run of 
60 feet. Obviously, you should use the 
shortest feedline you can. Don't 
scrimp on quality. Foam RG-8/U isn’t 
bad (it loses approximately 6 dB/100 
feet) and 1 /2-inch hardline is even bet¬ 
ter at approximately 3.5 dB/100 feet. 
Buy the best you can get, and use 
good, clean coaxial connectors. The 
type-N fitting is best, but where space 
is a problem, the BNC will serve. 

As for using RG-58/U cable (with 
22-dB loss per 100 feet), and the so- 
called UHF (SO-239/PL259) fittings, 
don't even think about it. These con¬ 
nectors do terrible things to the feed- 
line SWR at 1200 MHz, and most are 
pretty good attenuators, too. 


signal attenuation 

Normal atmospheric propagation 
holds no surprises as far as signal loss 
is concerned. Buildings will reflect 
1200 MHz very well, as will some 
foliage. By the same token, foliage will 
absorb the signal, so getting an anten¬ 
na up in the clear is very important. 
Mobile flutter (picket-fencing), caused 
by moving around, will be less notice¬ 
able because of the short distance be¬ 
tween wavelength peaks and valleys. 

One phenomenon that seems to 
work in a manner opposite from sig¬ 
nal attenuation at 1200 MHz is called 
"ducting." This is caused by layers of 
air of different densities and moisture 
content forming channels that reach 
great distances — sometimes hun¬ 
dreds of miles. These channels seem 
to behave as waveguides, letting the 
signal bounce between layers with 
almost no loss until they pop out at the 
other end of the pipeline, often with 
S9 + strengths. Ducting seems to be 
more prevalent over or near large bod¬ 
ies of water. 

Oddly enough, a higher-frequency 
signal such as 1200 MHz will come 
through very strong, even though a 
lower frequency such ers 144 MHz 
won't do well at all. Many UHF enthu¬ 
siasts have been surprised by scanning 
a "dead" band, only to have a voice 
from DX-land come booming out of 
the speaker. 

how to be a hero 

Here's a way to become a very 
popular person. There are several con¬ 
tests a year involving VHF and UHF 
operation. Stations operating on the 
higher bands are always in great de¬ 
mand. For example, in the ARRL UHF 
Contest (usually in August), each con¬ 
tact on 1290 MHz counts as six points, 
and the total number of grid squares 
(see below) on each band becomes the 
multiplier. You can grab one of the 
portable rigs described earlier, a cou¬ 
ple of spare battery packs or whatever, 
plus 10 or 12 feet of collapsible mast 
and a small beam antenna. Get to the 
highest place you can (a hilltop, a tall 



John J. Meshna Jr., Inc. 
Surplus Electronics 


Naw, fast charge AA niead calls 500 ma 
2716 UV PROMs removed from equip. OK 
Infra Red viewer kit w/ JR source & manual 
Manual only for abovo 1R kit 
Mini hi-voltege night vision power supply 12vde 
input, I4,5kv 15 ue output 1.5 Oz. 

New, 12” 2 color plasma globe w/ power supply 
As abova with custom base, color black 
New, 5” plasma globe w/ powar supply 
New, Kapco switching powar supply, +5v 5 a, +12 
2,8a, +12v 2a, &-12 v .5a rag. & filtered 
Naw, Dsltron switcher. +5v 4a, +12v 4a,—5 v 4a, 
& -12v 4a (200watt max.) Rag. & filtered 
Naw, Panasonic recharge able sealed la ad acid bat** 
tory 6v 3 ah 

Naw, 12v 2.2ah rechargeable niead pae 
Jmiil WS-IOOO 74 eh annul sateflita revr. w / down 
convertor & Instructions 

110 vac Wall Adapters 

6 vde 250 ma w/ 6' cord & barrel connector. This 
ona runs on 110 or 220 (switch selectable) 

9.5 vde 1 amp w/ 7* cord A barrel connector 
12 vde 500 ma w/ 6' cord & barrel connector 
12 vac CT 1.7 amps 12* cord 2 pin jack 


SI.25 

1.50 
199.00 
10.00 

40.00 

575.00 

675.00 

175.00 

25.00 

45.00 

8.50 
25.00 

50.00 


2.50 

4.50 
4.00 
6.00 


JOHN J. MESHNA JR, INC, SURPLUS ELECTRONICS 
19 Allarton St. P. 0. Box 8062 E. Lynn, Ma. 01904 
Phone orders accepted on MC, VISA or American Express. 
Orders only 1*80O*MESHN AS $20 minimum order. Cats' 
logue requests & other inquiries, please dial 1 >617*595*2275 
Fall catalogue now available 68 pages ol good stuff H 
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THE 1988 

ARRI 

Mnnb 

HANDBOOK 


row the naoto amateur 





NEW 

EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com¬ 
prehensive information for the 
radio amateur, engineer, tech¬ 
nician and student Clothbound 
only. $21 in the U.S., $23 in Canada 
and elsewhere. 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN STREET 
NEWINGTON, CT 06111 
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DEALER 

INQUIRES 

INVITEO 


ANTENNES _ 1 

TO ININ A The 


’Shack 


52 Slonewyck Drlwe 
Belle Mead, New Jersey 08502 

IVARS - KC2PX 
MARA - SALES 

MICROWAVE MODULES LTD. 


j*}U§ tf 


* ■*' L'.‘" **(>«« 


- *.<:^ <W 1 









MON-SAT (201) 874-6013 

10AM -3PM ORDERS 

7PM - 10PM ORDERS/TECHNICAL 


CALL FOR CATALOG 


VISA/MASTERCARD 
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NEMAL ELECTRONICS 


•Complete Cable Assembly facilities M1L-STD-45208 
♦Commercial Accounts welcome- Ouantitv pricing * S 


♦Commercial Accounts welcome- Quantity pricing * Same day shipping 
•Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Ti 


» most orders 
imes Fiber 


Call NEMAL for computer cable, CATV cable, Flat cable, semi-rigid cable, telephone cable, 
crimping tools, D-sub connectors, heat shrink, cable ties, high voltage connectors. 


HARDLINE 50 OHM 

FXA12 1/T Aluminum Black Jacket ... 69/ft 

FLC12 1/2 * Cablewsve con. copper blk jkt .. 1,59/ft 

FLC7B 7/er Cablewmre con.copper bik /W . 3.92/ft 

NM12CC N com 1/T con copper m/1 . 23.00 

NM7BCC N com 7/BT con copper m/1 . 54.00 

COAXIAL CABLES (per it) 

1190 BELDEN 9913 very low loss . 46 

1102 RGB/V 95% shield low toss foam llga.. ...32 

1110 RG6X 95 % shield (mini 8) . 15 

1130 RG213/U 95% shield mil spec NCV }kt . 36 

1140 RG214/V dbi silver shld mil spec ... f.65 

1705 RG142B/V dbi silver shld, teflon Ins . 1.50 

1310 RG217/V 50 ohm 5OOO wait dbi shld . .....S5 

1450 RG174/V 50 ohm .10CT od mil spec . 14 

ROTOR CABLE-8 CONDUCTOR 

901622 2 16ga and 6 22ge . 19/ft 

901620 2-16ge and &20ga . 36/ft 


CONNECTORS-MADE IN USA 

NE720 Type N plug for Belden 9913 . S3.95 

NE723 Type N jack for Belden 9913 ... 4,95 

PL259 standard UHF plug for RG6213 ...65 

PL259AM Amphenol RL2S9 ....69 

PL259TS PL259 teflon Ins/sJNer plated . 1,59 

PL256AM Amphenol female-female (barrel) . 1.45 

UG175/VG176 reducer for RG58/59 (specify). . 22 

UG21DS N plug for RG8,213214 Silver ....3.35 

UG938 N jack to PL259 adapter, teflon . .—.&50 

UG146A S0239 to N plug adapter, teflon .&50 

UG255 SQ239 to BNC plug adapter, Amphenol......... 329 

$0239AM UHF chassis mt receptacle/mphenol . 69 

GROUND STRAP-GROUND WIRE 

GS36 3/BT tinned copper braid . 30/ft 

GS12 1/T tinned copper braid .. 40/ft 

GS200 1‘1/T heavy tinned copper braid .. 2.00/ft 

HW06 6ga Insulated stranded wire .. 35/ft 

AW14 14ga stranded Antenna wire CCS . 12/ft 


vniippmr L^aoie $3/100, Connectors $3.00, VUa/Mnstercard 530 min, COD add $2.00 
Call or write for complete price list Nemal's new 36 page CABLE AND CONNECTOR SELECTION GUIDE Is available 
at no charge with orders of %50 or more, or at a cost of $4 with credit against next qualifying order. 


NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami, FL 33161 
(305) 893-3924 Telex 6975377 24hr FAX (305)895-8178 
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SATELLITE 

TV 

BUYING 

GUIDE 


SATELLITE 


NAME BRANDS AT 50°/o DISCOUNT 
This FREE 24 page Consumer Buying 
Guide tells all about Satellite TV and 
lists guaranteed lowest prices. 

Salman tnc • 6017 Melody*Pcona, II. 61614 


1-800-472-8626 
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Half-Square QRV-DX Monobanders 


Work DX with No Tower and No Amplifier. 
Cut noise, cut near sigs, build DX sigs. kill QRM. 

10 Meiers 15 Meters 20 Meters 30 Meters 

$29.95 $39.95 $49.95 $59.95 

Brosdsidc Pattern, Low Profile, Cm* Peed, Ready to U«e 

Jj^^^lighest DX Gain per Dollar 

1971 North Oak Lane A ntenn&sWest 
Provo, UT 84604*2138 ■mil 3 (801) 374-1084 


1971 North Oak Ijmc 
Provo, UT 84604-2138 ! 


building) and have a ball racking up the 
contacts. Many of the stations will be 
using a frequency very close to 1296.0 
MHz, so you'll have to spread the 
word that you're only a MHz away at 
1295, but once they know you're 
there, you'll have plenty of calls to an¬ 
swer. This contest includes 220 MHz 
too, so you could easily become a 
multi-band contest operator. 

Another popular activity on UHF is 
filling in grid (locator) squares to earn 
points toward a certificate. A simple 
portable setup, with a medium-sized 
Yagi, operating from choice locations 
in some nearby grids will earn you 
points with the local VHF/UHF group. 
Get in on the fun yourself — see page 
17 of WUR's column in the July, 
1987, issue of ham radio for a copy of 
the ARRL grid locator map, and start 
earning your own award. You'll need 
only 25 grid-square contacts to win 
your first certificate on 1290 MHz. 

ham radio 


SPECIALIZED 

COMMUNICATIONS 

FOR TODAY'S RADIO AMATEUR! 


SPEC- 


. VoAmllOH CXPA*®* Si- ■ 


-MW 

_ n-'K- I** 1 -* ^ 


. nr* a*** 1 
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t ■ ** * 


Our 

20th 

Year! 
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Since 1967, covering all modes of 
Amateur Radio “specialty” 
communications; Fast Scan TV, SSTV, 
FAX, Packet Radio, Computers, RTTY, 
AMTOR, Satellites, TVRO, Microwave, 
Lasers and more! 10 issues per year. 
Back issues available, SASE brings 
TRS80C, C64, IBM software catalog. 
U.S. subscribers $20/ycar. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 

SFEC-COM Communications & 
Publishing Group 
P.O. BOX HI 

Lowden, Iowa S 9i 

52255-0408 5 % Added 


116 GS December 1987 
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RATES Noncommercial ads 10® per word; 
commercial ads 60® per word both payable 
in advance No cash discounts or agency com¬ 
missions allowed 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address We reserve the 
right to reject unsuitable copy Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N H. 03048, 


SAT TRAK If A :nm|.ilrte advanced belt (u'il,.i m-;iI satellite 
.vTh A/ H m.'urrl 1-w Kifieriandata mu'i' vi;i 
RS 222 with Ii'hi ii j: or vorpilu Mt/'ivjiy -O' l 2 MfelbtcS 
AtciiMlr 1 Solid suite A/ EL drive horn ADR. PO Box 

10184 !>,'♦.R 3<S13l 378 34*0 

WANTED—R<H1'C Bro.»c< Yi;;hr:i| Fn* if '"‘'*'1 lor renwlding and 
pans. Jon VVR4MMV, 98 Wnohlnkf? Dr-ve, Chjrlcili’SV tli' VA 
22901 Phono 1604 > 978 1270 o- :R04i 973 869 7 

WANTED TO BUY —Sc’v-mui:: or M for Hc-othsui Oscil 
loacopt? “VIiit 1«!I 19 14. Have Apply pubhc JO'iijih so f* wan: Will 
had* rtronesf <rsf Huber! TVstmer J.Krb i/LV-tsf 4 f Straw, (Xtwi- 
poo ’trA'O 52806. 

SMART BATTERY CHARGER i«>r <j.>H .rolls or le.al ,;no 
Edtliaitjs. bv IY.iuki' Cn'i:. W138H See June 87Q5T Mag. runt 
for uncurl OrUiite Complete kn, anlhuwi mm* to bey only $49 f>5 
p.rk.s «3 53 s h Order ?150 KIT A h A Enjineenur;, 2521 
W LrfP.HliTia. Unit K, Aratieim. CA 92801 

CODE PROGRAMS. APPLE/C-64. 37 r. I APfSCO PCU 

20*8 I2 K) fling Road Cdfiimoc Clv.il 60409 * 312 89’ 2272 

IBM -PC RTTY/CW. N'Tw CompRtty I -s the eeiepc-:e 
PTTY CVi/ p OijrnrYi foe 13VI PC s red rampal inter; Amy with 
l.'it.ior linf'c rs, better support hit pack.-t pruts. pictures. mntth 
mr>H:. V dually any spsed ASCII. BAUDOl . CVY Text ■; utry vie 
built iii sc.r- t'o nflifor Adjust lib'o r,|>li1 screen .li^livv iesMUl 
mode (T'tirujo Hoin.k.<jf»v. d.&kcopy break in buffer. --.eke r 

c>»l «*iu. text hlc? transfer. tusionwaMt- -til seiner) kiggmj, 74 
pmyrftn'irifbo 1000 character messages liiital f< jr MARS jnrt 
era*lie h«»'dim<j Rc-qniros 2S4>k PC or A ronrpatible, serial port, 
FIS 232C r tJ. $65. Send ::.ill letter nnclndirg MAHSi w th older 
D.ivirt A Ri<:.- KC?MO 26 Vi’bujr* View ftl.iff, Hjilscor - Luke. 
NY 12019 

measure vswr , tMMv-npa pttHorii. m.i’cn c*i<rvi*l impedance!.' 

11orr i 1Q0 kID In 2 GHz Wilh ourtaljle s: t (l«jr nt'UVJlk dUplyverS. 
Wrilt: <rji ilotiHs. Oirf>cl Corw^rsme fei?v»ir|»ie 3132 fjrirtli 
LovAii.-l; Avenue. C'is:mjo. IIiihns S064*. <3*7- 263 1S9P 

CHASSIS. CABINET KITS. SASh K3IWK 9120 Hun-mry 
Giove flooo. Dovor PA I73ts 

TELEVISION SETS fringe bvpnre 1948, «»i«|y TV |u.ili, MHt.i 
lure wanted for ujbstan:icl odih FsjKciolly initrro^l^O ir. ‘ fnrror 
ir- ihiff k<i' .»‘<J SOuvrwiy !v's f«i j |hi4 Iui lniids 

Arnolr: Cl aso. 9 flash cr';n Roao, A : osi Hj*rord. Cr>m . 06117 
(2031 b2) 5280 

ENGINEERS recue$l frirt- r:atcrlot] of Electronics SoflvN^rt 1 . C(r 
Cull ariri-yS'!', filler desitji' (Jiiiph'CS frit.. 8V E<K|ir>ttt>nn<;. 2200 
Business Way. Suuo 20/ Riverside. CA 92fX)l /14) 781 02r>2 


HAM LAB PROJECT. W'.rit sevcicl pieces H ;> G 337A variiirlir 
;r'ieru.a:i:f. Wi< '.:<;t>srdHr s.iv rrp; : ir fl)ltr r.ondtuot KtiliOX. I’l: 
Box JO. O'MmIs CA 93849 i^OlE Hf>S 3948 CcUer.l 

30 YEARS PROVIDING OSL S. Full color DH Ciiory >• rrtoim 
Also PiKComerL CicliliVi L,rrj<<. and others I -cv sai'ipli :- CASE 
dppojcif lrrd Rusprifd. Rt 1. Box 383 HR. Spring Hi I KC66C8J 

RUBBER STAMPS: 3 lines 54 30 ^PD Sc a J c.J. .» MU ut 
G.L Pil in', bb2l B ; <ki1»eV(Hy S.»n Omijo. CA 92’ 1 > SASP 
brings infomiOtmr 

ELECTRON TUBES: Receiving. trj*'i?ttvtuni). m.r ovi.r.i all 
tvpes iie;»il,ifjt€ Ldrije stocK Next day iTdivefy. -ri;";! asus 
DAILY flECTPONlCS, POBox 5029. Carrptor:, CA9022-1 i2l3i 
774-258 

CUSTOM MADE EMBROIDERED PATCHES Any w shape, 
coins Five parch minimum Free sarrinli*. prices umf orrimiiiij 
infon»l>cr. HEIN SPECIALTIES, nc Dept .3C»1. 4202 N Drak r. 
Chcaijo. LI 

RECONDITIONED TEST EQUIPMENT $173 V . .Mr.rg 
Waller, 2(iS7 Nirk:-»l Sar Pahlc CA 94806 


COMING EVENTS 

Activities — “Places to go . . .” 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: P^EASF INDICATE <M YOJR ANNCUVCfc 
MENTS WHETHER OR NOT YOUR HAM'eSl l 0< At’ON. 
CLASSLS EXAMS. MLL TINGS i LEA MARKETS Eft': API 
WHEELCHAIR A(.CfcSS;fil F Thl? INFORMATION AOoiO 
BE GREATLY APPRECIATED BY OJR BROTHER SISTFP 
t-AMS Writ . IMKED PHY SIC At AB<L IY 

MINNESOTA: Deeembei 5 The jnrujl Handi H<?Ui Wilder 
Hymfetft, Faroes Q.if). f ar hn.-lt Rerjistr/ilrjn stmts 9 AM Hanoi- 
Ham otiiiifiinoiii auction Dinnor at room Ptoouirt 5)li(>vv:>. 
Lityrse exun's ’iilk m on 19 /& Eo< information. D« » f 'i i»v. 
WCF't. 1114 Prank Averin? Airier: lea. MN 569C17 

INDIANA SOUTH BEND. Jimuarv 3 Hain'ost S-a.+u ?t Shnji 
firs: Sum lay Ye^t 5 Day til CENT JR f CEN 'LR ivavu 

luvi .1 on LS 33 Oneway No* to Let ween St Joseph B .r* l> Gi.ild 
irg anti nvrt Emu' Irtni" hi'.]Tiwuys to ticun *ri>m iii 1 di*,- inu'i* 
Tobies $5. 5 f’i round; $15 8x2 5 rccsongirlur. $29. 8 h . Walt 
locat ons. Talk Pi hen 52 32. 99 39. 69 09. 34 94 145 29 K9lX J 
(7191 3:u 530/ 


TEST EQUIPMENT WANTED. Di n t ( we ll p*v :ash 
fo- LATE MODEL HP. To-. eU. C.UI Glmir. N7FPK, a: Sxa-p 
uaiiK s Co tttOOt 356 TRON 

‘HAMLOG ' COMPUTER PROGRAMS- 17 ui.wU>» er.tn -mis. 
sierra / bjnc WAS DXCC Full t -aturte, 95 IBM or 

CP M >24.96 XA'AVVH PQR .it 13. I\.<rln:itv MA Cl900 

RV OPGRATORS utre liivin.e :o check ir- Sun 2 PMC. 14.240 
* b T i eb. 1 1’u'S & PMU 3 B8U 1 5 Good Sam RV Net Info 
SASF <J4RO 

FOR SALE; KeivAood T S 940S And r_ 922 A [e| 

T 401 789 181/ 

2-4 MH2 AM Demodulator with 8 I n A D and tRit‘e« Copy 
WEFAX horn GOES SATELLITES o- APT from NOAA POLAR 
ORBITING SATELLITES Creeled for t s* with Elmer SjI w,( 
tek's Vnhifox 2 0 program Order A2f)6 KIT $49 % or assen 
bleci and tested board Order i)206 AS V 069.95 Add $2 50 
shipping per order Fcjr trio on all on' WEPAX p'Odiu ts send 
SASE to - A Ft A Eugm>«>rin<|. 2621 W. L;,P^lrr'a. Und K, 
Aruheim CA 329C1 '714) 952 2114 

YAESU FT 727 R COMPUTER INTERFACE For nfo writ;? 
Gerald Hoysetl Consul’iry 1581 Woodland ^.llo Ado, CA 
94303. 

NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Fr.ll Su'vce Ham $W| CB 
SorrwH.-i itorp it-N.; Discount Grand Qtwn-ng Puces Tc(>per- 
to'mniy -adio systems lot every DnCcjSt. New 10 meter and 
VHl.'UH? ngs> ARRL, Amphenol. Asiat'C Astroi’, AjJci’, 
BBW Bilal Rer|en99l3. Bnreriu;!. Clear Champ. *\IM. larseri. 
PvIFJ Mirocr Mil Spec; Cables, much more Open M u 10 
AM 9PM. S;*t 10 AM 7 PM. Bjv and sol used gear and have 
qtadied repair facility ABARIS SYSTEMS 2/C Oriental P, 
Lyndhvrst NJ 07C7 i20 ) 939 0016 

COLLINS EQUIPMENT KWM2A 75S1.3178S. 301 I. Hunter 
Dand't 200l}A, Pitir.try lead MF„ Versa Tuner Speaker Clobk, 
imSLl.Harieous. JuFir Loreiv. WA9R0V 602/ Southparx. Met ion 
Grove. IL 60053 (312: 965 0/72 Na rolled 

WA9GFR COMMUNICATIONS SOFTWARE- $15 00 desk 
con'ans HF VHF- UHF ’l. Rai d propauanor pm^ranrs to predict 
rimyi: m rrt Its based on transunrt; power, receiver sens hvity, 
and nnieniic heigh - Ft pan. A "irusi” for designing repeater 
instollations Also includes Smith Chart impedance rr.atnhimj 
programs. Conrnotloie 64 o' IBM Lytn Genu. HR1, Murroe 
vil'n ( f\ 46/73 

ALUMA TOWERS. Cr.ink up with hinged base, house mack 
t-i mast Miihile v.n’, '■ooftop. t'T-ler rowers Stac* sections 
Will tdk<: Air.iien gear or "caupu'C'S 00 t«ad«: McC : 3 'an Sales, 
PO Box 26)3. Verb SeFCh, FL 32961 f 30S> 667 8274 


NEW AND USED EQUIPMENT. Many hard tc tnd terns Send 
Itirtii! SASE in *A5 TlG 481? r »:rfiir:e Fort Wcrtn Texas 
76114 

COMMODORE REPAIR. We ar » the largest•’oldest Aurrv /i/e«l 
Service Cen'rr in the country, (nr; C64 $39-95). Tost turnaround 
C «t. Toll Fore 1 M0 642 7634. 248 2983. (outside N> or 

9‘4-356 3'31. Kosam m . 36 Murr;iv Htl 1 Drive Spring Valley. 
NY 109/7. 

TEN TEC. Now shipping new hoxrd USA made l.-u* : st t<»i toiy 
models, 56‘ Cutsan I:, 625D Aryosy C. and Certuiy 22 run 
scH.vets. BX325 , timer a- cover ag* 1 recewei, mndol 25' 1 0 mucie 
B sah.'lrilr: station. T T 920 an bane avia'.ion handheld tr or's reive - . 
Model 2290 2KW antenna tuner. Model 425 TLiari 1 5KW r lu oai 
Hmpliti»?r phi Hf.cessor os arp oniermas A so nook ng omers 
for Pa'ir|')M delivery fc> - ftrsl deal wiitc oi phorie B'tl Slep 
704 624 /619 S LLP Electronios Compiii'v, Highway 441, Olio, 
NC 28/63 

DIGITAL AUTOMATIC DISPLAYS \>I Ft l()1s. rS520s 
iDG Fi ::lo<>ot Collins. Dmke Sw^ri Hedlh aoP nil cithe'*-. 5i* 
l .2'd'g rv fi' wide by 1 1 '4“ high metal cab net Reads foce ve 
Hurl nu'VUMit t-egut:nc<es Sf'tl $2.00 for inlornrujiioi' amf inr.Hve 
a $30.00 d s: uunt li o u:les accuracy comparison of the sinpln 
'BCD readouts, ’cund in now radios. ag<i nst ou' "Cdlcu-m 
irg hrcqui nov Counter' rencoufs Please be spschit GRAND 
SYSTEMS). FOB 217*, Bfainc, Washington 98230 

COMMOOORE C-120 Radio• f1tjr:i reives end fcri)<neer »kj 
Design sollware. Nol available through any other source Over 
65 Design Piograrr s User hr endly. Send $20 (X) for 2 disks or 
SASF lor ir for mat ion lo T. - i Churly A'natour Rad o Club < to 
KA4ZAY. PO Bo^ 680741. M.am. •■L 33168 3741. 

WANTED 10 buy Scherratyio or .’tiAnue: *pr Heaihkit Oscilr. 
scope Model 10 14 Have Apple Puni c Oonij.fi sohwarA Wirt 
uacie Regwisi List, Hub«rt Tesirce;. 130b A'esi 41 5111:19. 
hsvfnporl Iowa 62806. 

RTTY JOURNAL —Now in our 36th year. Join Hn* circie of 
RT^Y tr-euds from afJ over the world Year s subscript ion to 
RT~Y JOJRNAl . $10 03 fpretgn $15 00 Send to R ET V 
JOURNAL, 9085 La Cas'l^ Ave . Fom iain VaKcy. CA 97/08 

IMRA ntematiora' Mi.ssrvo Baltic Associal on helps mission 
aries. Eqo phient loaned Weekday net. 14 280 MHz. 13 PM 
Eastern N rm bur dred Amateurs in lO countries. Rev Thomas 
Sable. 5 v . University o< Serai Ion. Scranton. PA 1851C 

MARCO: Mtdicat Arnoteur Padin Cour t. if. Ltd. dpertfies; daily 
and Sunday oeis. Medica) : v or cited Au>ateurs {puysicians. 
dentisis, veter .nanans. nur$es. physiotl ter apis: s. lab teehn cans, 
etc) invited io (fan Piesenlly uver 550 members For r'lfo 1 itiit 
lion write MAPCG, Box 73*s. Acme. PA 15610 


WISCONSIN: January 9. Tilt ’Str- Annual ISr'idw'irm'r Swjjifusl 
S|ioriscr«'-d by the 'A'dsi Allis Partin Amateur Clun W i.ike'Jci 
(iour.iv txpo Center Fomn*. 8 AM to 3 PM AiJrr.issioi $" (Yi 
iiilvanci*. $3.00 door 4 tables $3 0C. advance. $4 011 d<x. - 
Advrti'M-fe dr.a.llirwt Jann.i'y 2 F tan's (rivdrr, rlealeis w• • ‘ orni 
tmr foou avaifarjlc Lo; tickets i.» information SA5E u> VbARAF 

Swapfest, PO Lie* rc/2. Milwaukee. Wf 53201 

MICHIGAN: January 24 The Soiithfielc High Seboai ARC is 
sponsoring then 20fh annual Swap b Shop, Soi.il’li-"! I IS. 
24657 Lanser Sorilnlmld Doors open 6 AM for exhibitor*-, public 
8 AM To 3 PM Admission $3 00 8' reserved tables $?•! JO in 
advanco. Ai'iCitional reserved tattles $10.0(1 each Ail profits <jn 
lowa'fl Elecironic Scholarships and to supporl SovithlN'id H.s 
ARC Eoi iiPornuitiuri. reservations: Robed Yourkei. So*, rhf el.i 
High Schm I. 74676 Lahser. Souihhelcl, Ml 48034 

HAM EXAMS: The MIT UHE Repeater Associatior and iliuMII 
Radio Soriety otter morthly Ham Lxancs AIJ classes IVinvicn t:> 
Extra Wcrtnesilay Dccembc 23. 7 PM, MIT Room 1 150, 77 
Mass Aye. Cambridge. VA Heiewanoris teguested 2 days t i 
arivancf Cnrr^c: Rot* Ht•)f , ^'l>rlT^''■ at ih‘7) 6J6 *64' L»:ni h:<i 
$4 25 Bring copy of yoar eurrent license (if any! two Yarm*. 
yt picture D. and a ti*rr.p : e*.ed U'un b’b nvai:a|)le ’ion ti c- FCC 
in Quire v. MA ifil/i 770 4023 


CHARGE 

YOUR CLASSIFIED AOS 



to your 
MC or VISA 
write or call 
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